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C. Phase IIB Report

* .Development of Three Phase Power Bridge and Evaluation of Motor Controller

Volume Summary

The three reports assembled in this votume represent work performed periodically over a span of

* -. 5 years, as part of a step-by-step development program.

The purpose of W development program was to investigate a promising alternative technique for

c trol of a squirrel cage induction motor for subsea propulsion or hydraulic power applications. The

* technique uses microprocessor based generation of the pulse width modulation waveforms, which in turn

- . permits use of a true integral volt-second pulse width control for the generation of low harmonic content

"" sine waves from a 3 phase 'Graetztransistor power bridge.

In conjunction with the PWM Technique the novel use of a microprocessor based calculation of a

f signal to represent air gap flux in the motor was attempted. Externally this involves only sampling output

currents and voltages to the motor and does not involve intrusion into the motor to place sense windings

or Hall effect devices.
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The purpose of this latter investigation was to generate a signal proportional to air gap flux which

could be used in feedback control of the PWM microprocessor to vary the output pulsewidths of the

bridge. This in turn could be used to maintain the air gap flux in the motor constant despite varying load.

During development it became apparent that keeping the air gap flux level constant did not repre- --

sent an efficient control mechanism for the motor. This technique evolved from the normal use of induc-

tion motors on fixed frequency where better performance could be obtained on heavy load if the supply

voltage could be boosted to maintain air gap flux despite increased voltage drop in the stator resistance

and leakage inductance.

In reality an unloaded or lightly loaded induction motor can be run at very much lower voltages -,

than 'nominal' for any given frequency and the purpose of feedback should be to increase the voltage

* approximately with load to maintain just sufficient flux to prevent under-excited operation with conse-

quent high slip frequencies.

The use of the air gap flux synthesis technique appeared to work in principle, but difficulties were

encountered in using it at low frequencies. Calculation of the feedback signal was very sensitive to the

phase relationship of the motor current and voltage, and distortion in the feedback pre-sampling filters

which is evident in the low frequency oscilloscope pictures (Phase I1, Task B Report) is of serious conse-

quence here. Further, the air gap flux signal as derived via a reactive power calculation is double valued

and for use as a regulation signal, care must be taken to ensure that the load remains always on the'

over-exited side or always on the under-exited side of the optimum excitation level for any particular load

and frequency. While this can be assumed statically, in a dynamic loading situation, unless the feedback

loop is fast compared with load change this cannot be assured.

I I
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For purposes of checking out other key points of the motor controller development independently

- - of the flux feedback signal, a slight modification of the feedback signal was made. This permitted sensing

and feedback of the motor load current and provided satisfactory demonstration and of overload protec-

tion by ramping down in frequency. During this mode of operation the output voltage was controlled to

- have essentially constant volts/Hz except for the drop due to stator resistive and reactive components.

* . . Satisfactory operation in this mode indicates that regulation at some constant air gap flux would be

possible although not necessarily desireable from an optimum control point of view.I
In summary, the following was achieved:

1. Full microprocessor based, sine wave, 3 phase, variable frequency, variable amplitude output

waveform generation with volt-second control of the pulsewidths based on Jvdt calculations.

This was performed using an 8 bit M6800 processor in conjunction with pulse timer modules

in an interrupt driven configuration.

2. Proof of principle of air gap flux synthesis technique and demonstration of overload ramp

down dynamic load shedding.

3. Construction and test of a 7.5 kw 3 phase transistor bridge driving a 32 Hz induction motor.

4. Test of the complete motor controller on a dynamometer, and test of all principles involved.

These tests showed a sound hardware design which provided high quality sine wave currents to the

motor over extended periods of time at all power levels. These tests are showed that with some extra

investigation in the feedback area, an extremely viable, high efficiency motor controller for deep ocean

'[T application has been developed.
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MICROPROCESSOR - BASED THREE PHASE MOTOR CONTROLLER

Introduction

The objective of this study was to define an approach to digital synthesis

of waveforms for a low harmonic content sine wave output PWM 30 variable frequency

transistorized induction motor drive inverter, to analyze an air gap flux

synthesis system using microprocessor supervisory control and to provide block

diagram information and block response characteristics for computer modeling of

the motor drive system.

Sunmary & Recomendation

Initially it was thought that an M6800 microprocessor would be too slow

for INM generation for this application. However, careful analysis of the

capabilities of the processor as calculator of numbers rather than a generator

of timing waveforms led to consideration of its use to calculate pulsevidths and

timing intervals, numbers which can be used to control a single chip 3-channel

timer. This component turns the numbers into serial outputs as a function of

time - the pulse width modulation waveforms - which are amplified by the slave

* power switches of a 30 power bridge. Amplitude scaling of the output as a

function of demanded motor voltage, controlled via the air gap flux feedback

loop, is effected by digital multiplication using a high speed hardware multiplier.

The air gap flux synthesis and feedback control loop relies on sensing the

*voltages and currents to the motor and simulating the magnetizing component of

the reactive power drawn by the motor. Since the output waveforms from the

* . bridge to the motor are not smooth sinusoides, the sensed inputs from these

must be filtered by equal filters to maintain phase relationship between current.

and voltage. Once filtered, analog/digital conversion turns these inputs into

[a form suitable for a microprocessor calculation routine which modifies the

voltage output of the PWh drive in response to motor load requirements.

[.
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The PWM subsystem block was designed in software and hardware using an

AMI 6800 microprocessor development system for the software development and an

AMI prototyping general purpose microprocessor board for hardware. Pictures

of waveforms are provided.

Imperfections in the triangle crossing modulation approach, which is an

easy-to-implement technique in analog circuitry, were observed. The microprocessor

approach to PWM permits use of an optimum integral technique which noticeably

*reduces harmonics.

The work performed in this study has covered the basic requirements for

microprocessor control of a sine wave output motor drive system and in addition

has developed a novel approach to PWM synthesis. It is recommended that further

work in this area be addressed to tying the PWM control and air gap flux synthesiE

loops together in both software and hardware and reduction to practice of a

full inverter/motor system.

Lwoo
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* "Discussion

* Flux Synthesis Control Loop

In attempting to control the air gap flux in an induction motor it is

necessary to maintain a given magnetizing current in the magnetizing inductance

component of the primary (stator) winding of the motor. In the equivalent

circuit of the induction motor (Figure 1) it is the current Im which is to be

kept constant in the presence of varying load currents and hence varying voltage

drops across R1 , L1 and changes with temperature of winding resistances.

The input power to the motor can be considered to have two components.

The true power VI cos 0 and the reactive power VI sin 0 or, if V = V1 Sinwt &

I a I, Sin(wt-0) the power components are 1/2 VI CosO and 1/2 VI Sin0. The true

power input includes power lost in winding resistances and iron loss as well as in

equivalent load resistor. The reactive power component, however, by definition

is independent of all the resistance components and represents the product

of the terminal voltage and the quadrature currents flowing in the leakage

inductance L1 , the magnetizing inductance Lm and the secondary (rotor) inductance

L2.

These inductances are fixed once the motor is made and do not change with

load, etc. It remains then to find the 'voltage drop' in L1 due to Im and 12

so that the 'voltage' applied to Lm and hence the magnetizing current Im can be

found.

The flux control loop block diagram is shown in Figure 2, and the full

derivation as well as the microprocessor assembly language program for flux loop

i, control is given in Appendix A. During the development of the block diagram,

numerical constants were selected on the basis of measurements made on the motor

chosen for testing. Closed loop operation with that motor has not been performed

and it is anticipated that some adjustments to the constants will be required for

proper operation in that mode.

",I.
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Pulse Width Modulation Synthesis

Background

Initially it was thought that the M6800 would be too slow to generate the

pulse width modulated wave forms. However, a closer look at the problem, as

outlined in Appendix B, indicated that by using table look up and a hardware

multiplier it should be possible to implement algorithms which generate time

related bytes from which the serial PWH signals for the three phases can be

generated. Such a system was devised and is described below.

Hardware

Figure 3 shows a functional block diagram of the hardware used to create

the PW4 waveforms. The central processing unit is an AMI 6800 with a 1 MHz

clock, 8K bytes of EPROK for program and timing sequence data storage, 1K bytes

of RAM for scratchpad storage, a Pulse Timer Module containing 3 independent

timers with output signals, an 8x8 bit multiplier to speed up calculations and

a keyboard interface used to command different voltages and frequencies.

( 6
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Software

A frequency table is stored in PRCK for each frequency that is to be output.

It contains all the information required to generate the PWH waveforms for a

number of voltage steps. Stored in the Frequency Table are:

1. The number of pulse periods in a 60 degree segment of the output

sine wave (n).

2. The number of timer clocks in a pulse period (NCLKS).

3. A scale factor table containing the scaling data for a number of

di'f.,rent voltage steps.

4. A baseline timing sequence for a given voltage containing, for each

pulse period, the width of the dominant pulse (td), the width of the

first complementary pulse (tci) and the centerpoint of the dominant

pulse (CP).

These parameters are sufficient to generate timing sequences for a large

number of voltage steps for a given frequency while at the same time keeping

the memory requirements low.

Synthesizing the PW waveforms for a given frequency and voltage requires

generating the proper clock counts to the three timers in the Pulse Timer Module.

(The timer outputs change state each time the counter reaches zero.) In order to

do this, some temporary values must be defined. See Figure 4 for timing

relationships.

8i
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Ti = time from start of a pulse period to the beginning

of the dominant pulse.

T2 = time from start of a pulse period to the beginning
of the 1st complementary pulse.

T3 = time from start of a pulse period to the beginning
of the 2nd complementary pulse.

It can be seen that these times correspond to switching

times where:

T2 = switching time of the 1st complementary pole voltage

Tl and T3 = switching time of the dominant or 2nd
complementary pole depending on the pulse period.

The pulse lengths will vary proportionally with the amplitude

of the output sine wave during the pulse interval. Therefore,

the stored pulse widths in the baseline sequence must be scaled a

to the proper voltage. The scale factors are stored in the scale

factor table contained in the frequency table and are computed

such that:

SF - V desired
V baseline I*

The scaled pulsewidths now become:

4~ *c 1 SF

where ta and tc are the pulse widths stored in the baseline

timing sequence for this pulse interval.

10



It can be seen that:

T1l=CP - 4/7

* - T2 = T1 +

T3 = T1 +

In order to resolve the phase polarities and keep the
,; Lth
optimal switching sequence, for the L pulse period,

TCl i = T2

and, if i is odd

TD = T1i

TC2 = T3.

else, if i is even

TD. = T3.1 1

TC2. - T1i

where TDi, TC1 i and TC2 i are the pole switching times of the

dominant, 1st complementary and 2nd complementary phases,

respectively.

Now, since a single timer controls each pole, the time

difference between firings on each pole must be computed and

saved in memory for the pulse timer module controller.

TD = TD - TDi- 1 + NCLKS

TCli = TCl1 - TCl i + NCLKS

TC2 1 TC2 - TC2i_ 1 + NCLKS

7---.--- i
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These counts are computed for each pulse interval and

saved in three memory buffers, one for each timer. Also saved

is the time from the last switching of each phase to the end of

the pulse interval (NCLKS-TDn, NCLKS-TCln, NCLKS-TC2 n. This

is done to keep the phase relationships constant by forcing each

phase to execute an identical number of clocks in a 600

segment. Figure 5 shows the contents of the computed timing

buffers.

With the timing counts now computed and stored in memory

it becomes a matter of getting the proper count to the proper

timer to preserve the phase relationships between the line

voltages. Each of the three timers controls a single phase of

the three phase signal.

When one of the timers counts down to zero it sends an

interrupt to the processor. At that time the processor outputs

the next count from the timing buffer to the timer latches,

checks to see if this is the end of a 600 segment and sets up

for the next interrupt. This procedure is followed by each of

the three timers until the end of the 600 segment.

At the boundary between segments, the processor must resolve -

phases and insure that the timer clock counts for each of the

three timers over the segment are identical. It does this by

adding the remaining time in the last pulse interval (e.g. NCLKS-TD )

to the first switching time of the proper phase (e.g. TC2 1) of the

new timing buffer (see Figure 3). Also at this time, the phase

identifier for the timer is updated to reflect its new status.

12
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DOMINA.NT F IRST COMPLEMENTARY SECOND COMPLEMENTARY

TDi TCI1  TO~-

A: AT AT nl?-Xo ATCt-~

ATD3- &TCl-3  A LTC;L 3

ATDL CATCi ZAT;

A TN ALTCift A TCL

NCLKS-Tv NCLKSTii NCLKS-T2h

NCLKS-TD"+TC21)L

FIGURE 5. TIMING BUFFER CONTENTS AND SIGNAL FLOW FOR EACH OF

THE THREE TIMERS
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The boundary between segments is the only place that a

new timing sequence can be started. This maintains the integrity

of the system as well as insures the proper phasing relationships

for all signals. Thus, if the same frequency were maintained

over a 1800 interval 3* NCLKS counts would be output to each timer.

Two separate and independent routines control the synthesis

of the PWM waveforms. The Computer Timing Sequence (CTS) routine

accepts as inputs the voltage and frequency commands, computes

the counts required for the timer controller and saves the counts

in a timing buffer. The Pulse Timer Module Interrupt Service

Routine (PTMIS) responds to interrupts from the timer, extracts

the next count computed by CTS routine from the timing buffer and

outputs it to the timer. Communication between the two routines

requires two timing buffers. The CTS routine fills one buffer

with the new timing sequence while the Pulse Timer Module

Interrupt routine gets its counts from the other buffer. At the

60* segment boundary the timer controller routine switches to the

newly completed buffer and flags the CTS routine to begin a new

calculation. Figures 6 and 7 contain flow charts of the two

routines.

r, 1
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Inputs: Frequency Table Location

Voltage Step ID

NCLKS - 0
S-TD o - 0 Initialize
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TC20 0
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Compute Center Point of This Dominant
CP - CP1 + NCLKS I Pulse from Start of 60 Degreee Segment
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Ti - CP-(Tl3Z* SF)/2 Compute Switching Times from Start of
T3 - Tl+(Tl3L*SF) each of the 3 Phases from Start of
TC - Ti +(T23.* SF) 60 Degree Segment

rResolve Polarities

TDj T1ID; T3
TC2:=m T3 TC2= Tl

TDaK.= TD;- T%-1 Compute Timer Counts for
TCa(Pl- TC11- TCl .1  Timer Controller
TCtM- TC2 - TC2..1

Figure 6. Compute Timing Sequence Flow Diagram
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TD - TD i  Update for next Pulse
Period

TClI.1 = TCli

TC2i.1 - TC2j

i= i- I.

Yes

TDC4j= NCLKS - TD. Save Last Counts for
TCGaPIj= NCLKS - TCli. 1  Tiner Controller
TC~t4P21= NCLXS - TC21_j

Return

Figure 6. (cont.)
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Figure 7. Time #1 Interrupt Service Routine Flow Diagram
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Figure 7. (cant.)
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Harmonic Analysis

An harmonic analysis of the PWM waveform was performed in order to arrive

at an optimum pulse train within the constraints of the modulation scheme.

Harmonic content was traded off against the number of PWM steps and the position

of the power-on portion within each step.

Computer programs were created to aid in the analysis and tradeoff study.

These programs were written in BASIC and were run on both a Hewlett Packard 9830

and on CDC time sharing service.

The set of pole switching times used in the first portion of the project

were derived from the traditional PWM scheme of carrier frequency triangle

wave coincidence with the (sine wave) modulation waveform. This scheme has

some weaknesses, which are shown below.

Let f(x) be the modulating waveform, and let the

triangle wave have a frequency higher than f(x). Then

Figure 8 represents one carrier cycle,

I T

'; :
I 1 I
I I

. I I I
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C33 ~LTY CL L ) ,9 b, r
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which is the average value of f(x) from Xl to X2 using a trapezoidal approximation,

but taken over the entire period of 21. That is, it is the average value of a

straight line between f(xl) and f(x2 ), taken as if f(xl) and f(x2) were at the

segment ends. Because this method extends the slope of its straight line

approximation over the entire integration interval, but bases it only on the

value of f(x) at X1 and X2 , it yields values higher than the actual average for

curves with negative second derivatives and lower than average for curves with

positive second derivatives.

20
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For carrier frequencies much greater than the modulating frequency this PWR

scheme is generally acceptable due to its ease of implementation in an analog

system. In a digital system, however, such as the one under development here,

freedom to choose switching times without impacting the complexity of the

modulation scheme allows more accurate output waveform synthesis.

Since the motor acts as an integrating filter, it is desirable to generate

the PWM such that the duty cycle of each step is proportional to the integral

of the output sine wave over the step period. A computer program was used to

generate these integral values for all the possible numbers of steps to be

considered. The results of the program, which computes

G()...COS (Xl) - COS x2)

(Xl-X2 ) appears in Appendix D.

The harmonic content of the output wave is of concern in two areas. First,

the odd harmonics must be sufficiently suppressed for efficient forward operation

of the motor. Second, the output must be easily conditioned to provide clean

waveforms for flux calculations.

A computer program was written to generate the desired PUM waveform for any

combination of the carrier and output frequencies of interest, and then perform

a harmonic analysis on the PWM. The on portion within each step may be chosen as

beginning at the start of the step or as being centered within the step. Program

output includes harmonic amplitudes relative to the fundamental. For the runs

shown, levels below one percent were suppressed from the printout for clarity,

although any printing threshold may be chosen when using this program. The program

and its output appears in Appendix C.

Plotting and analyzing this output yielded a set of PWM steps per output

cycle for each discrete output frequency from seven to sixty hertz. Initially

all possibilities of steps per output cycle were permitted in order to learn

what optimum combinations existed. Then, due to the mechanization of the modulati

scheme in the microprocessor, only odd multiples of three steps per output cycle

21
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were allowed in the analysis. The elimination of some of the even numbers of

steps caused large jumps in carrier frequency at the higher output rates. This

effect was eased somewhat by shifting all the carriers up to an average of about

700Hz from the previous 540 Hz. See Figures 9 and 10.

One goal in the manipulation of the harmonic data was to choose a combination

which keeps unwanted frequencies in the flux loop input down at least 30 dB with

only simple filtering. With the step/output combinations finally chosen, this

g3al was met with a 70 Hz pole low pass filter. The design and response of

the test filter appear in Figures 11 and 12.

As a first test of the harmonic analysis and modulation scheme, one phase

of the processor output was interfaced with a breadboard filter and a 540 Hz

carrier with 36 Hz modulation was transmitted through it. The resultant sine

wave observed on an oscilloscope looked good and was delayed about 4 ms as

expected. Amplitude control with the processor was exercised satisfactorily.

The 540 Hz carrier was used since values for it had been previously stored

in the processor memory. Photographs of the oscilloscope observations appear

in Figure 13. Carrier frequencies under 500 Hz produced unacceptably distorted

output waveforms. Inspection of the waveform with only 9 steps per cycle chosen

by the triangular-intercept method showed distoition due to the errors of that

scheme.

Later, the one-third horsepower three phase motor was operated by processor

generated signals through a motor driver and the phase A current monitored.

Figure 14 shows photographs of the sensed current, both filtered for processing

and unfiltered. These waveforms confirm the choice of PWM parameters.

22
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s PWM Waveform, 2V/CM

36 Hz Sine Wave Modulation
540 Hz Carrier Horiz.
Scale:'5 ms/CM

# Filtered Output, I VICM I

2 Pole 70 Hz Filter

s PWM Waveform, 2V/CM r >

36 Hz Sinewave Modulation
540 Hz Carrier Horiz.
Scale: 2 ms/CM

* Filtered Output, IV/CM c "

2 Pole 70 Hz Filter

Figure 13 PWM WAVEFORMS
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e PWM Waveform, 2VICM

60 Hz Sine Modulation
540 Hz Carrier Horiz.
Scale: 5 mslCM '

* Filtered Output, IVICM

2 Pole 70 Hz Filter

(Flat-Topping due to Incorrect
Modulation Pulse Widths)

e PWM Waveform, 2V/CM •

37 Hz Sine Wave Modulation
333 Hz Carrier Horiz.
Scale: 5 ms/CM

e Filtered Output, IV/CM .>T,

2 Pole 70 Hz Filter

Inadequate number of PWM pulses
per modulation cycle (low carrier
frequency) causes roughtoutput waveform.

Figure 13 PWM WAVEFORMS
(Continued)
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* OA Motor Current, 0.5AICM =>

36 Hz Sine Wave Modulation
540 Hz Carrier Horiz.
Scale: 5 ms/CM

e Filtered Current Sense,0.5A/CMcE:

2 Pole 70 Hz Filter

e OA Motor Current, 0.5A/CM

37 Hz Sine Wave Modulation
333 Hz Carrier Horiz.
Scale: 5 ms/CM

* Filtered Current Sense,0.5A/CM I>

2 Pole 70 Hz Filter

e OA Motor Current, 0. 5A/CM =>

60 Hz Sine Wave Modulation
540 Hz Carrier Horiz.
Scale: 5 ms/CM

* Filtered Current Sense, 0.5A/CMI>

Figure 14 MOTOR WAVEFORMS
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SYST4 OPERATION

Figure 15 is a block diagram of the overall system. In the complete

system, sensor conditioners operate on the current transformer and voltage

probe inputs to provide analog voltages proportional to each of the three phase

currents and voltages. IB and IC are added differentially and scaled, as are

VA and VB. The four functions existing after the scaling and addition processes

are then filtered. Each filter is identical so as to impose the same delay

in each signal path. Thus, the phase relation among the d-q variables resulting

at the output of the filters is preserved. Each variable is converted to a

digital signal with an 8 BIT A/D converter and is transmitted to the microprocessor

through a PI.

The microprocessor and a motor driver were interfaced and successfully

operated a three phase one-third horsepower motor over three pre-programuned

speeds and many amplitudes.

1
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Appendix A

DERIVATION OF AIR GAP FLUX SYNTHESIS SIGNAL

Let applied voltage V V"44 W4t and then consequent current 'IS4(A 4

and the reactive power in one phase

For a 3-phase system

v V$A~ 2T,/

I 3)

Al

.42



The three phase system can be expressed in terms of d - q (direct and

quadrature) variables.

Three phase vector diagram:

I

I

d - q equivalent vector diagram:

V..

A2

tt

e ii~
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AF 6r -

Prdut ca be forme for. C, and TA ,a,,s follows:,

Each is composed of a DC term and an AC term at twice the frequency of the applied

voltage. Taking the difference of the two terms doubles the DC component and

cancels the AC components

A3

a };.
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which can ba seen to be twice the reactive power, Wx, in one phase. Thus,

the first objective of the flux synthesis technique is to generate the d-q

variables from the three phase currents and voltgaes. This is shown in the

block diagram as follows:

I"I
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Thus it is possible to generate a signal proportional to the reactive

power, Wx, by measuring only the voltages and currents at the motor terminals.

Since the real objective is to maintain the Component! of Wx due to Lm;

flowing in Lm, Wx must be broken down into its component terms.

Referring to the equivalent circuit (Figurelb)

The first term is a function of the measured current, a fixed frequency and fixed

inductance and is known. The second term is the desired component of Wx and the

third term is a term that is undefined unless can be accounted for.

Referring to the vector diagram of Figure 2C-

I€ Y

L
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but _l a

I-A
• , ,

: .T0 u2zz

J//

which allows substitution for, 2 in terms of

2. 2.4j~

_ - , L #,, . _,
.2 1-2.2

X LL 4--L , +- 2 L, La

-/M'Ztl

i.e., Wx is a function of the derived Im and known terms Lm, L2, L1 and WI.

Thus by operating on Wxappropriately Im land hence the air gap flux can be

determined.

Rearranging the previous equations we have:L,, , ," h., -!) (, tL +  h)

2- (L
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from which a revised block diagram can be drawn to allow for the required

reduction in Wx by a term proportional to the reactive power that would be

developed in an inductor 1 + LmL2/ (Un + L2 ) if the stator current

were to flow through it. To compute WS-w cn r

voltage components of Wx by an amount equivalent to the voltage drop across L'

due to ., flowing. A simplified equivalent circuit is as follows:

X 

-0z-

The feedback function is to keep constant for any value set for W.

It does this by modifying the convertor output voltage which in turn causes a

change in . Since this is a closed loop feedback involving a load

with transfer characteristic -where T reflects the L time
R

constant of the induction motor the feedback function will need compensation of

the form $ rL i.e. anintegrating term to bring down the overall gain
$

as frequency increases and a lead term to compensate for the lag introduced by

the inductive time constant of the load. This steers the phase angle away from

-180 until the gain has become less than unity.

Figure 3 shows a block diagram of a flux regulator loop following the

model of Figure 2 i.e. without allowing for tie drop in LI . The scaled
1,

inputs V1,IA and VA L4 , are multiplied together and then

subtracted to produce V s (Wx) which is the control signal CTR.

AS



This is kept within bounds by a clamping circuit and is compared with a

reference signal. The consequent error signal, again held within limits is fed

S + 2

to a loop which provides the - function. The output is again held

within limits and is used to modify the voltage control level V * which

would normally be kept constant for any given input frequency W*. A microprocessor "

program for this loop has been assembled and run and is attached.

To account for the voltage drop in L and use the model of Figure 4,

a term ( ) must be subtracted from each voltage input. This

adds an extra subroutine in the program to multiply 'rIr' and k A

by the factor L
I and Q1 and subtract them from Vd and Vq.
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Implementing the Integrator

The accumulated error signal (CUM) is defined as:

CUM 2 X ERROR dt

This can be computed as:

C U4 = CU4 + 2 X ERROR )f & T

Assuming a flux loop cycle time of .005 seconds the factor 2 X A T = .01.

In order to take advantage of the binary nature of a computer, where multi-

plication and division by powers of 2 are merely shift operations, it is

convenient to estimate: 2 X A T = .01 IL(I + 256)

The integration equations then become:

CUM = CUM + ERROR + ERROR and the ERROR
128 256)1

signal is shifted and added as required to compute the error increment for the

time interval.
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APPENDIX B

BASIC ASPECTS OF THE MODULATION MECHANISM

The type of pulse width modulation studied applies to inverter

systems made up of three thyristor poles as shown on Figure 1, forming a

"3-phase bridge".. The poles are connected across a dc link Ed , consisting

of a dc source of fixed magnitude. It is practical to define the pole

output voltages VAO' VBO and V CO, relative to the mid-point voltage 0 of

the dc source, here termed dc neutral. Therefore, the dc source is repre-

sented by two batteries of Ed/. volts each, although in an actual sys-

tem the dc neutral may not be physically accessible. Each transistor has

a free-wheeling diode in antiparallel connection and the firing sequence

is such that as onetransistor in a given pole is turned on, the reciprocal

one in the same pole goes off. Therefore, the transistor system of Figure I

can be represented by a bi-directional, double throw switch ,ystem

The switches are periodically and independently activated

from one position to the other, connecting alternately the positive

and negative terminal of the dc source to the load buses. The object

of the modulation strategy is to perform the switching with such timing

and sequence that at the terminals of the load a 3-phase ac voltage appears

whose fundamental component has the desired amplitude and frequency,

and whose other components have a minimum of unwanted side effects. In

addition to the pole-to-neutral instantaneous voltage VAO, VBO and V CO

("pole voltages"), the instantaneous pole-to-pole voltages VAB VBC and

VCA ("line voltages") can also be considered.
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Permissible Levels of the Line Voltages

It can be seen that a given pole voltage can assume only two

discrete levels,#E /Z or-¢E/Z , or for brevity, + and-. On the

other hand, a line voltage can assume three discrete levels, a + level

corresponding to +Ed volts, a - level corresponding to -Ed volts and a

0 level, obtained when the two corresponding poles are in the same state.

While there is no limitation in our freedom to impose to each

one of the three pole voltages either of the two possible levels we desire

the situation is different as far as the line voltages are concerned.

In this case, imposing a given level to one of the line voltages inter-

act with the freedom of the others to assume any level. This is the inter

phase compatibility constraint, better illustrated by considering the

following table, listing on the left side all the possible combinations

of levels that one can confer to the pole voltages (8 in all, one per ro')

and on the right side the corresponding combinations of line voltage

levels that result from the imposed switch configurations.

VAO VBO VCO VAB VBC VCA

+ + + 0 0 0

+ + 0 +

+ - + + 0

+ + - 0 + -

- + 0 - +

+ - - + 0 -

+ - - + 0

- - 0 0 0

. ... ... . . .. ..



Whenever a line voltage has one of the three possible

levels (,-or 0), the other two line voltages must have the other two

possible levels, excluding the possibility for two or three line voltages

to share the same level. An exception to the rule is the "all zero" combi-

nation of line voltages, for which there are two pole combinations.

Hexainerous Symmetry of the output Cycle

Considering the fundamental component of each of the three line

voltages (sine waves E AB, E BCand E CA Figure 2), one entire

output cycle can be divided in six identical segments, such as the one

comprised between the vertical axes XX and YY. In each segment, one of

the line sine waves is peculiar in that it rides through its crest with a

given polarity, whereas the others rise from zero or decline to zero over

the segment with opposite polarity. We shall call "dominant" line volt-

age in any given segment the line voltage whose fundamental sine wave

rides through its crest in the considered segment. The other two line

voltages shall be called "complementary" line voltages. The "first comple-

mentary" line voltage is the one whose fundamental rises from zero in the

considered segment. The "second complementary" line voltage is the one

whose fundamental declines to zero in the considered segment. In the

segment between the XX and YY axes, Figure 2, E AB is the fundamental of

the dominant line, and E CAis the fundamental of the 1st complementary

line. Because the segments repeat themselves each 600 interval, with

identical relationships between dominant and complementary lines, it suffice;

to consider a single segment to study the modulation requirements. The

relationships of interest are as follows: dominant and complementary
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lines always have opposite polarity, except at the segment borderline,

The dominant always exceeds either complementary in absolute value. Both

complementary lines have same polarity. At any instant, the absolute values

of the two complementary lines add up to the absolute value of the domi-

nant.

Since, at any given time the three line voltages are riding

through one of the segments of the output cycle, one of them is dominant

at that time and the other two are complementary. The modulation mech-

anism must be capable of manipulating one of the line voltages through a

600 interval according to rules that confer to it the role of dominant line,

and at the same time it must be manipulating the other two as required to

confer to them the proper complementary role.

Pulse Polarity Consistency Rule

Even without entering into the details of the waveform harmonic

analysis, one can state a sensible ground rule that the modulation

strategy should follow. That is, the pulses which form the pole-to-pole

waveform should have a consistent polarity throughout one half cycle of

the fundamental sine-wave. This means that the components of the string

of pulses which make up the positive (or negative) half wave can be of

variable duration or variable spacing to suit the modulation requirements,

but should all be positive (or negative). Figures 3a and 3b illustrate

the concept. Both waveforms were carefully constructed to have the

same fundamental amplitude, frequency and phase, and the same number of

pulses, but Figure 3a conforms to the polarity consistency rule and

Figure 3b does not conform. The non-consistent pulses of Figure 3b have
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no effect on the fundamental, being offset by corresponding width

variations of the consistent pulses. However, they adversely affect the

high order harmonic spectrum and should be avoided by using a proper modula-

ting mechanism.

Optimal Pole Switching Sequence

The above rules and principles can be applied to find out in which

order the three poles should typically change state. Assume that at a

given instant line voltage VAB is dominant and its fundamental is positive.

VAB will, therefore, be made up of a series of positive pulses, one of

which is represented on Figure 4 with a width td"

a. During time td' the two complementary lines can only be

negative or zero, as shown in the table of permissible levels.

One could be negative for the td duration and the other zero for the same

duration. However,to play their complementary role, they should both

be negative on the average during td* Therefore, one of them,V BC for

instance, should become negative at the beginning of the td duration,

and stay in that state for a time t~l, after which V returns to the
Cl' BC

zero level and VCA becomes negative for a time tC2 (Figure 4), such

that tCl + tC2 = t The ratio of times tCl and tC2 should be the same

as the ratio between the two complementary lines' fundamental voltages at

the considered instant, and is, therefore, a function of the angular

position of the dominant pulse within the output cycle segment.

b. Before and after time td' when the dominant line is zero, l
the two complementaries must also be zero. For the only other per-

missible combination of levels would be that one complementary is

positive and the other negative, but this violates the pulse polarity

consistency rule,
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c. Before the initiation of a dominant pulse, the all-zero

combination of line levels must be achieved with one of the following

pole state combinations:

A=(+) B=(+) C= (+) (i)

A C-) B= (-) C= (-) (2)

Assuming state (1), to generate the dominant pulse,

pole B must switch from B = (+) to B = (-) at the beginning of the time

td (see Figure 4) and then A and B must stay in their respective states

for the duration of td' At some instant during td, determined by the tcl/tC2

ratio requirement, pole C must follow the transition of B, i.e., must switch

from C = (+) to C = (-). At the end of time td' all poles must assume

the same state, and the most economical way of accomplishing that, in terms

of total number of switchings, is to have pole A following the transitions

of B and C, i.e., switching from A = (+) to A = C-).

d. The above reasoning shows that from a situation such as

A= (+) B= (+) C= (+) (1)

a dominant positive pulse is generated by changing the state of the poles

in the sequence (B-C-A), ending up with the following situation:

A= (-) B (-) C= -) (2)

Similarly from situation (2), the next dominant positive pulse

can be generated by changing the state of the pulses in

the sequence (A-C-B) ending up with the original situation (1).

The optimal pole commutation sequence is, therefore, B-C-A,

A-C-B, B-C-A, A-C-B, etc., resulting in the "nested" or "encased" pole-pole



waveform configuration of Figure 5. The sequence should continue un-

changed throughout an output cycle 600 segment. At the boundary between

segments, after a permutation between the role of the poles, accounting

for the fact that another line becomes dominant, a similar sequence takes

effect.

The following table therefore applies:

Polarity of the

Dominant Line Voltage Dominant Fundamental Optimum
in the in the I Pole Commutation

Considered Segment Considered Segment Sequence

I+ B' i , C\*, A\, AX, C,", E

AB A\, , C\ B\4 , B, Cf, AX-

+ C , A, B, B, A/, C
VBC -BC B \ AM \ C \4 QTy A7 ,B,

+ AN, B\A C\A , C,, Bf , A
VCA- V CA C% B\ , A\, A, B , Cx

B'i means: pole voltage VBO commutates from the (+) level

to the (-) level

AX means: pole voltage VAO commutates from the (-) level

to the (+) level
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Assume a 600 interval such as that shown in Figure 2. Generation of

the output voltage of the dominant phase will require a series of pulses.

The more pulses that can be used, the closer the output current can be made

to approach a sine wave. Divide the 600 interval into an arbitrary number

of pulse intervals tp i There will be a pulse of length tdl. n (where td

varies across the 600 interval) in each pulse internal tpi and also the

complementary pulses tcl, tc2 for the other phases. The dominant pulse

length td will vary such that Ed x td in any pulse internal tpi will equal

the volt time interval (fVdt) of the desired sine wave during the corresponding

t pi interval.

The pulse --idth is then a sinusoidal function of time. Similarly tcl, and

tc2 are sinusoidal functions of time across the 600 interval. To vary the

amplitude of the desired output, the pulse width of all the pulses is varied

by a constant multiple, thus preserving the sinusoidal relationship across the

600 interval. The maximum amplitude, while still generating a 'sine wave' of

current in the output, is reached when one td pulse fills the whole interval and

'saturation' is reached.

It is now possible to develop techniques for generating pulse patterns

that implement the generalized PWM strategy. The traditional analog technique

which produces waveforms that fit the rules for optimum modulation strategy uses

a triangular carrier waveform which is compared with 3 phase reference waveforms

and switches each pole -or +depending on whether the triangle is greater than the

reference for that phase or smaller. At one fixed frequency a fixed number of

carrier cycles can be fitted inside a reference waveform half cycle. For

variable frequency systems unsymnmetric pulse patterns (with the effect of low

frequency components in the output) arise as non-integral numbers of carrier

cycles fit inside a reference half cycle.
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The use of digital techniques permits an approach which guarantees a proper

number of t intervals in each 60 interval and avoids the low frequency beat

problem. The steps for generating the waveforms for a digital approach are

outlined below.

o Set desired output frequency.

o Look up (in Read Only Memory) optimum number of tpi for this frequency.

o Look up (in ROM) base value for td, tcl tc2 for each tpio

o Input desired output voltage.

o Multiply td, tcl, tc2 pulses with voltage factor.

o Decide which phase is dominant this 600 interval..0utput pulse train

to power stage.
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Estimating the Pole Firing Times

A Fortran program was written for a Data General Nova Computer to

compute the switching times for each of the three poles. A triangle wave was

simulated and each of the three phases of the sine wave was compared to it.

A summary print out displayed the crossover times for the signals as well as

their approximate values, switching sequence and pole and line voltages.

See Figures 8- I for a sample output.
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APPENDIX C

HARMONIC ANALYSIS PROGRAM

The program appears on the following page. Note that the outputs actually

published in this appendix do not print "n DB threshold for printout" and do

"in integration steps per increment". Those differences from the program included

herein exist because the printout shown is taken from an earlier version of the

harmonic analysis program which is substantially the same as the one published.

A sample of the output of the latest program is shown below.
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I ": l'11 I 11I E i FT- R IHJ I i 14' 1H. 1 E

D E:l H RES[-1-1 L ' 1 ii - 44F:1 I' I.' J

I J I

'1-s _ _7_4



10 T I T " H A R 1 E:N I .) "N3" 1" T H, 1 I-El i NE J1L'IHf.l
2' F INT " CO HS;TRHT AP1FL I T'DE F'WMi WAY'EFORM AS 1H I C",LM1 NIMnIlO: Cu,,
A8 PRINT

48 PRIHT
5.1i TI _[ M 100 EE 100G[ 100> ,JE 10 0],1[ I10

'OR M=1 TO 10i0
1.[ M 1=0

H P1 1=0
H. M I=OJE ri ]=

H E T N,
1 I ;F "SPEED OIT H I GHE'-;T HFI. r'IO I C"
I N FLIT S, H
DII.SF "TIRES '1 IF IHC:REMET-; ARE C:EHTER"
WAIT 1000
D I SF' " TYF '0 OTHEE.W I SE;
WAIT 10C0
INPUT Q
D I,- P "HO. LF I H C: R.E M-EITF;.; 7 UMT E 1 T CT, , I L E
I NF'IJT N
D IS'P "AIL. THRESHOLD F':OR PRINT1UT(11B)"

15:- INF'LIT '
*15'9 ' =1i0 t ,: '' 0.8::,

FR I HT I; " F'WMI I NCREMET.-; 'ER F ITF'IT C-YCLE
FF1INT f--;"HZ UCILTPUT FRE QU E H" ..
FR ifIT 'f; " DE THRES-.HOLD FOR FR I NTOLIT"
IF Q=8 THEN 20
FR I NT " F'WN IHCREMEHTS CENTERED"
G I T I 210
FR I N T " R'i I H:RE L: N E iS.-; LEFT S ID E J I-: T I F I EfD"
F'R I -T
PR I HT
PR'. INT " C 'FI H Pi:NENT " " E'.S AiF'L I TID iE " " EL ArMF'L I LU1DE ",REL AMF'L iH 1 E"
PR I NT
FOR Z1= TI: ,:2*F I- 1.':, STEP "I
D]= : C 0 '.; ':(Z 1 : I : C i G !: I"Z +,.: I I: : .::

F 0O: M=I TI: H
:44 IF Q= THE N 3-49
':45 Z=Z 1 + ( 1 - 1 2

GOTO 350
* 5 ZS Z 1

CE ri =E:I0 i, * M D::l :: 'l* * I::1 + N* 8 ,::,..r'N
1E r M ] .- I I', 1 +t.i*:: , ..' Mi -; I i '* ' :I H N.
J[ M I=JE ri ]+il[ r I
EE ri 1=E1 r- 1+1:H r I
N :E' T M
HE:x.:T Z 1
FO0FR Mi= 1 T I H

P1 I =S R('. EE ri Jt2+._[ M It?::,
IF SE M I..=;E 11 '"1 THEH 440
PR :I N T r'i*-;;"H ", [ ri ] 4, SE ri ]S[ 1 , 20 * L GT ,:'[ rM I 1 1.1
N E ::.:, T ri
P R IN T " ...........
ENDT

-I- --



5 'PMM INCREMENTS PEP OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
7 HZ OUTPUT FREOUENCY

PIdM INCREMENTS CENTERED

C::OMPONENT AB$ AMPLITUDE P.C. REL FLIND DB REL FUND

7 .784978 100 0
490 2. 09044E-2 2.66306 -31.4924
904 .162348 20.6818 -13.6882
518 .152733 19.4569 -14.2185
532 .132432 16.8707 -15.4573
546 . 16999 21.6554 -13.2887
560 :'3.17172E-2 4. 04052 -27.8713
595 2. 17304E-2 2.76829 -:31.1558
609 .163155 20.7847 -13.6451
623 . 15095:3 19.230:3 -14.3203
637 .134044 17.0761 -15.3522
651 .169526 21.5962 -13.3124
665 :3.07466E-2 3.91687 -28.1412
1001 3.36916E-2 4.29205 -27.3467
1015 9.45968E-2 12.0509 -18.3796
1029 1.72731E-2 2.20045 -33.1498
1043 5.62196E-2 7.16193 -22.8994

66 PIJM INCREMENTS PER OUTPUT CYCLE.
9 INTEGRATION STEPS PEP INCREMENT
8 HZ OITPIJT FREOUENCY

PlJM INC:REMENTS CENTERED

COMPONENT RE:: AMPLITUDE P.C. REL FUND 11B PEL FUND

8 .784R56 100 0
488 2.02416E-2 2.57902 -31.7709
504 .161665 20. 5981 -13. 7235
520 .1542 19.6469 -14.1341
536 .131124 16.7067 -15.5422
552 .17l:344 21.70:3, 8 -13.2693
560 2.n9113E-2 2.66435 -31.4882
568 3.25119E-2 4.1424 -27.655
576 .162352 20.6856 -13.6867
592 .152735 19.4602 -14.2171
608 .1324:1 16.8732 -15.456
624 .169989 21.6587 -13.2874
640 3.17167E-2 4.04109 -27.87
68n 2.17306E-2 2.76874 -31.1544
696 .163155 20.7879 -13.6438
712 .150954 19.2333 -14.3189
728 .134044 17.0788 -15.3509
744 .169526 21.5996 -13.3111
760 3.07466E-2 :3.91748 -28.1399
1000 .032916 4.19389 -27.5477
1016 9.46747E-2 12.0627 -18.:3711
1032 1.86955E-2 2.38203 -32.461
1048 5.66596E-2 7.21911 -22.8303
1064 4.98152E-2 6.34705 -23.9486
1096 8.99028E-2 11.4547 -18.8203
1112 4.52183E-2 5.76135 -24.7895
1144 3.21975E-2 4.10234 -27.7394
1160 q.44492E-2 12.034 -18.3918
1176 1.72628E-2 2. *INTERRUPTED* .

CS3
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HARMONTC ANALYSIS OF SYNTHESIZED SINE WAVE U NG
CONSTANT AMPLITUDE PIlIM 1AVEFORM.

60 PIJM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
9 HZ OUTPUT FREQUENCY

PhIM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

9 .784742 100 0
495 1.96967E-2 2.50996 -32.0067
511 .16108 20.5265 -13.7537
531 .155427 19.8061 -14.064
549 .130045 16.5718 -15.6126
567 .170629 21.7434 -13.2535
585 3.31944E-2 4.22998 -27.4732

54 PI1M INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
10 HZ OUTPUT FREQUENCY

PIJM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

10 .784588 100 0
490 1.90428E-2 2.42711 -32.2982
910 .160466 20.4395 -13.7906
530 .157808 20.1135 -13.9302
590 .109039 13. 8976 -17. 1412
570 9. 87375E-3 1.25846 -38. 0032
590 .121404 15. 4736 -16. 2082
610 .133283 16.9877 -15.39 7 3
630 .170823 21.7723 -13.2419
650 3. 32023E-2 4.23181 -27.4695

48 PIM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
11 HZ OUTPUT FREQUENCY

PWM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

11 .784373 100 0
473 1.82408E-2 2.32552 -32.6696
495 .159418 20.3242 -13.8397
517 .159642 20.3528 -13.8275
539 .108071 13.778 -17.2163
561 1.09629E-2 1.39766 -37.092
583 .12274 15.6482 -16.1107
605 .11252 14.3453 -16.8658
627 1.00941E-2 1.2869 -37.8091
649 .121394 15.4766 -16.2065
671 .133283 16.9923 -15.3949
693 .170823 21.7783 -13.2395
715 3.32022E-2 4.23295 -27.4671

-- --------------4- -------------



49 PWM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
12 HZ OUTPUT FREQUENCY

PWM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

12 .784232 100 0
4-'0 1.77689E-2 2.26577 -32.8957

504 .158:21 20.2518 -13.8707
516 1.82374E-2 2.32551 -32.6696
528 .159995 20.4015 -13.8068
540 .159402 20.3259 -13.839
552 .126151 16.0859 -15.8711
564 .159636 20.3558 -13.8263
576 .171551 21.875 -13.201
588 .108066 13.7799 -17.2151
600 3.56977E-2 4.55193 -26.8361
612 1.09602E-2 1.39757 -37.0925
636 .122741 15.6512 -16.1091
660 .11252 14.3477 -16.8643
684 1.00938E-2 1.28709 -37.8078
708 .121394 15.4794 -16.2049
732 .133283 16.9954 -15.3934
756 .170823 21.7822 -13.238
780 3.32022E-2 4.23372 -27.4656

39 PbJM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
13 HZ OUTPUT FREOUENCY

P!JM INCREMENTS CENTERED

COMPONENT HB AMPLITUDE P.C. REL FUND DB REL FUND

13 .783847 100 0
442 1.66339E-2 2.12209 -33.4647
468 .157:347 20.0738 713.9474
494 .163516 20.8607 -13.6134
520 .106033 13.5272 -17.3758
546 1.31788E-2 1.6813 -35.4871
559 1.82412E-2 2.32714 -32.6635
572 .122731 15.6575 -16.1056
585 .159405 20.3362 -13.8346

598 .13018 16.6079 -15.5937
611 .159637 20.3659 -13.8219
624 .171836 21.9222 -13.1823
637 .108066 13.7866 -17.2109
65n 3.57124E-2 4.55605 -26.8282
66:3 1.09599E-2 1.39822 -37.0885
689 .122742 15.6589 -16.1048
715 .11252 14.3548 -16.8601
741 1.00938E-2 1.28773 -37.8035

767 .121394 15.487 -16.2007
793 .133283 17.0037 -15.3891

819 .17A823 21.793 -13.2337

845 1.32106E-2 4.23688 -27.4591
-------------------------------------------------------------------------- V
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36 PWM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
14 HZ OUTPUT FREQUENCY

PWM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

14 .783578 100 0
434 1.59462E-2 2.03505 -33.8285
462 .156375 19.9566 -13.9983
476 1.66315E-2 2.12251 -33.463
490 .164642 21.0115 -13.5508
504 .157335 20.0791 -13.9451
518 .122355 15.6149 -16.1292
532 .163511 20.8673 -13.6107
546 .172249 21.9824 -13.1585
560 .106029 13.5314 -17.3731
574 .037528 4.78932 -26.3945
588 1.31767E-2 1.68161 -35.4855
602 1.39502E-2 1.78032 -34.99
616 .122732 15.663 -16.1025
630 .159086 20.3025 -13.849
644 .13018 16.6135 -15.5908
658 .159962 20.3706 -13.8199
672 .171836 21.9297 -13.1794
686 .108066 13.7914 -17.2078
700 3.57123E-2 4.5576 -26.8253
714 1. 09999E-2 1.3987 -37.0855
742 .122742 1iS r-42 -16.1018
77n .11252 14.3598 -16.8571
798 1.0094."E-2 1.28823 -37.8001
826 .121387 15.4914 -16.1982I -------------------------------------
36 PlM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
15 HZ OUTPUT FREQUENCY

Pi-iM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

15 .783578 100 0
465 3.18908E-2 4.06989 -27.8083
495 .312748 39.9128 -7.97775
510 1.66291E-2 2.1222 -33.4643
525 .329278 42.0223 -7.5304
540 .157323 20. 0775 -13.9458
555 .244709 31.2297 -10.1086
570 .163507 20.8667 -13.6109
585 .344501 43.9651 -7.13783
60n .106026 13.531 -17.3734
615 7.57787E-2 9.67086 -20.2907
630 1.31746E-2 1.68133 -35.4869
645 9.65923E-3 1.23271 -38.1828
660 .122733 15.6631 -16.1024
675 .158767 20.2619 -13.8664
690 .130179 16.6135 -15.5908
705 .159602 20.3684 -13.8209
720 .171836 21.9296 -13.1794
735 .108067 13.7915 -17.2078
750 3.57123E-2 4.55759 -26.8253
765 1.09599E-2 1.3987 -37.0855
795 .122741 15.6642 -16.1018
825 .11252 14.3598 -16.857

-------------------------------------------------------------------- --
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:33 PlJM TNrCEMENTS PER-- OUTPUT -CYCLE -

5 INTEGRATION STEP PEP INCREMENT
16 HZ OUTPIIT FREQUENCY

PIJM INCREMENTS CENTERED

COMPONENT ABSz AMPLITUDE P.C. REL FUND DB REL FUND

16 .783233 100 0
448 1.51523E-2 1.93458 -.34.2683
480 .155202 19.8155 -14.0599
496 '3.18886E-2 4.07141 -27.8051
512 .167362 21.3681 -13.4047
528 .312736 :39.9289 -7.97424
544 .104034 13.2826 -17.5343
560. 32927:3 42. 0403 -7. 52668
576 1.51905E-2 1.93946 -34.2464
592 .244706 :31.2431 -10.1049
6n18 .124083 15. :3425 -16.0035
624. 34449 43.9843 -7.13406
640 .110641 14.1262 -16.9995
656 7.57779E-2 9.67501 -20.287
672 1.:35366E-2 1.7283 -35.2476
688 9.65964E-3 1.2333 -38.1786
704 .122711 15.6673 -16.1001
720 .158768 20.2708 -13.8626
736 .13018 16.6209 -15.5869
752 .159602 20.3774 -13.817
768 .171836 21.9393 -13.1755
784 .108067 13. 7976 -17. 2039
800 3.57124E-2 4.55962 -26.8214
816 1. 096,) :3E-2 1.39936 -37.0814
848 .122736 15.6704 -16.0984

---------------------------------------------------------------------

30 PIJM INCREMENTS PEP OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
17 HZ OUTPUT FREOIENCY

PIJM INCREMENTS CENTERED

COMPONENT RBS' AMPLITUDE P.C. REL FUND DB REL FUND

17 .782779 100 - 0
425 1.42317E-2 1.8181 -34.8076
459 .153748 19.6414 -14.1366
493 .169:368 21.6368 -1 3. 2961
527 8.67727E-2 11.0852 -19.1051
544 .167358 21.3799 -13.3999
561 .139962 17.8802 -14.9526
578 .1040:31 13.29 -17.5295
595 .288434 36.8474 -8.67185
612 1.51887E-2 1.94035 -34.2424
629 .249732 31.9032 -9.92332
646 .124084 15.8517 -15.9985
663 .344919 44.0634 -7.11843
680 .110641 14.1343 -16.9945
697 7.58048E-2 9. 68406 -20.2788
714 1.35365E-2 1.72929 -35.2426
731 9.65820E-3 1.23383 -38.1749
748 .122711 15.6763 -16. 0951
765 .158767 20.2825 -13.8576
782 .130181 16.6306 -15.5819
799 .159598 20.3886 -13.8122
816 .171836 21.9521 -13.1705
833 .108204 13.8231 -17.1879
850 3.57135E-2 4.56239 -26.8161

---------------- ------------------------ ---
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30 PluM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
18 HZ OUTPUT FREOUENCY

PWM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DE REL FUND

18 .782779 100 0
450 1.42317E-2 1.8181 -34.8076
486 .153748 19.6414 -14.1366
522 .169368 21.6368 -13.2961
558 .205434 26.2442 -11.6193
576 .167353 21.3794 -13.4001
594 3.28119E-2 4.19172 -27.5521
612 .104028 13.2896 -17.5298
630 .247595 31.6302 -9.99795
648 1.51869E-2 1.94013 -34.2434
666 .254757 32.5452 -9.75025
684 .124085 15.8518 -15.9984
702 .34534 44.1171 -7.10785
720 .11064 14.1343 -16.9945
738 7.58318E-2 9.6875 -20.2758
756 1.35364E-2 1.72928 -35.2427
774 9.65676E-3 1.23365 -38.1762
792 .122711 15.6763 -16.0951
810 .158767 20.2825 -13.8576
828 .130181 16.6306 -15.5818
846 .159594 20.3881 -13.8125

27 PWM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
19 HZ OITPIJT FREQUENCY

PMM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

19 .782167 100 0
418 1.31518E-2 1.68146 -35.4863
456 .151902 19.4207 -14.2347
494 .172569 22.063 -13.1267
932 .116256 14.8634 -16.5576
570 .173017 22.1202 -13.1042
589 .205432 26.2644 -11.6126
608 .124774 15.9523 -15.9435
627 3.28104E-2 4.1948 -27.5458
646 .109589 14.0109 -17.0707
665 .247596 31.6551 -9.99113
684 1.56886E-2 2.00578 -33.9543
703 .254757 32.5707 -9.74347
722 .12405 15.8597 -15.9941
761 .34534 44.1517 -7.10106
7 .110643 14.1456 -16.9876
779 7.58347E-2 9.69547 -20.2686
798 1.35369E-2 1.7307 -35.2356
817 9.54795E-3 1.2207 -38.2678
836 .12271 15.6885 -16.0884

---------------------------------------------------------------------------

tO
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27 P(,IM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT

20 HZ OUTPUT FREOUENCY
PIJM INCREMENT'S CENTERED

C'OMPONENT ABS AMPLITUDE P.C. REL FUND DE PEL FUND

20 .782167 100 0
440 1.:31512E-2 1.68146 -:35.4863
480 .1519f,2 19.4207 -14.2"347
520 . 172569 22. 06:3 -13.1267
561 . 116256 14. 8634 -16.5576
Eb"0(1 . 173:3f17 22. 1202 -13. 1042
620 .205429 26.2641 -11.6127
640 8 .21937E-2 10.5085 -19.5692
b60 3.28088E-2 4.1946 -27. 5462

681" .115149 14.7218 -16.6408
700 .247596 31.6552 -9.99111
720 1.6190I2E-2 2. 06992 -33.6809
740 .254757 32.5706 -9.74:347
760 .12--4014 15. 8552 -15. 9966

780 .345:34 44.1517 -7.10105
800 11 C1645 14.1459 -16.9874
820 7.5 -77E-2 9. 69585 -20.26:3,I
840 1.35:374E-2 1.73076 -35.2353

24 PlMM TrCREMENTS PER OUTPUT CYCLE
5 INTEG ATION .TEP? PER INCREMENT
21 HZ OIJTPIT FPEOIJENCY

PIM INREMENT T CENTERED

COMPONENT ABS AMPL I TIUDE P.C. PEL FUND DB PEL FUND

21 .781:313 100 - 0
399 1.18724E-2 1.51954 -36.3658
441 .14949 19.1332 -14.3643
483 .176621 22.6056 -12.9157
525 .11:3,15 14.50:3 1 -16.7708
567 . 17-3204 22. 1683 -13. 0854
609 4.47667E-2 5.72968 -24.8374
651 .211709 27. 0966 -11.23417
672 8.21942E-2 10.52 -19.5597
693 3.34292E-2 4.27859 ".27. 374
714 .115149 14.7379 -16.6-313
735 .247546 31. 6833 -9. 98339
756 1.61904E-2 2.07221 -33.6713
777 .254841 32.617 -9. 73112
798 .124014 15.8725 -15.9871
819 ..'347286 44.449 -7.04275
040 .110646 14.1616 -16.9778
-------------------------------------------------------------------------
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24 PIJM INCREMENT? PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
22 HZ OUTPUT FREOUENCY

PIJM INCREMENT? CENTERED

COMPONENT RBS AMPLITUDE P.C. REL FUND DB REL FUND
22 .781313 1 00 0

418 1.113:724E-2 1.51954 -36.3658
462 .14949 19.1:332 -14.3643
506 .176621 22.6056 -12.9157
550 .113315 14. 5031 -16. 7708
594 .173204 22.1683 -13.0854
b.':38 4. 47667E-2 5.72968 -24.8374
682 .217989 27.9004 -11.0878704 8.21947E-2 10 9201 -19.5596
726 3.40495E-2 4 35799 -27.2143
748 .115149 14.7-78 -16. 6313
770 .247499 1 •6769 -9 98516
792 1.61907E-2 2 .07224 -33.L6712
814 .254925 32.62 -9. 72825

:36 .12401:3 15. -8724 -15. 9872

21 PImM INCREMENTS PEP OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
23 HZ OUTPUT FREOLIENCY

PIJM INCREMENTS CENTERED

COMPONENT RBS AMPLITUDE P.C. REL FUND DE PEL FUND

23 .78007 100 0
368 1. 03427E-2 1.:3°22587 -37.55
414 .146222 18.7447 -14.5424
460 .18191 23.3197 -12.6456
506 .109639 14.055 -17.0434
552 .173256 22.2104 -13.0689
598 4.75861E-2 6.10024 -24.2931
713 .218043 27.9518 -11.0718
736 8.21226E-2 10.5276 -19.5534
759 3.55942E-2 4.56296 -26.8151
782 .115156 14.7622 -16.617
805 .22757 29. 1731 -10.7004
-23 1.61932E-2 2.07587 -33.656

-_ _ _ _ -------



21 p.M INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
24 HZ OUTPUT FREOIJENCY

PIIM INCREMENTS CENTERED

COMPONENT RBS AMPLITUDE P.C. REL FUND DB REL FUND

24 .78007 100 0
384 1. 0:-427E-2 1.32537 -37.55
432 .146222 18.7447 -14.5424
480 .18191 23.3197 -12.6456
528 . 1 096:39 14.055 -17. 04:34
576 .17:3256 22.2104 -13. 0689
624 4.75861E-2 6.10024 -24.2931
744 .212097 27. 95:37 -11 0697
768 8.20505E-2 10.5184 -19.561
792 .037139 4.76 098 -26. 4461
816 .115162 14.76:31 -16. 6165
840 .207645 26.6188 11 4962

21 P.IM INCREMENT' PER OITPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
29 HZ OUTPUT FREQUENCY

pRIM INr:REMENTS CENTERED

COMPONENT AS AMPLITUDE P.-C. REL FUND DB REL FUND

25 .78007 100 0
400 1. 03427E-2 I. .325 87 -37.55
450 .140;222 1:3.7447 -14.5424
500 .18191 23. :3197 -12.6456
550 .109639 14. 055 -17.0434
600. 1T3256 122.2104 -13.06:39
650 4.75861E-2 6. 10024 -24.29:31
7.75.21:3151 27. 9696 -11. 0675
800 8. 19784E-2 10.5091 -19.5687
825 . 868:7E-2 4.959 -26. 0921
850 .115169 14.764 -16.6159

18 PIM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
26 HZ OUTPUT FREQUENCY

PRUM INCREMENT? CENTERED

COMPONENT ABS AMPLITUDE P.C. PEL FUND DB REL FUND

26 .778161 100 0
78 8.67668E-3 1.11502 -39.054:3
33R 8.5 0:392E-3 1. 09282 -:39.229
:390 .141589 18. 195-3 -14.8008
442 .189A96 24. 3003 -12.2878
494 .104923 1.3. 4834 -17.404
546 .17:3007 22.2:329 -1:3. 0601
59R 5.13:361E-2 6.59711 -23.6129
65A 8.82124E-3 1.1:336 -38.9108
754 1.72795E-2 2.22055 -33. 0708
806 .:307558 39.5237 -8. 06285
832 8.19807E-2 10.5352 -19.5472

------------------------------------------------------------



18 PIdM INCREMENTS PER OLITPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
27 HZ OUTPUT FREUENCY

PIJM INCREMENTS CENTERED

COMPONENT ABS AMPLITIJDE P.C. REL FUND DB REL FUND

27 .778161 1o0 0
81 8.67668E-3 1.11502 -39.0543
351 8. 50:392E-3 1.09282 -39.229
40C . 1415P9 18. 1953 -14. 8008
45'9 .189096 24.3003 -12.2878
513 .104923 13.4834 -17.404
5,7 . 173007 22.2329 -13. 0601
6-1 5..13361E-2 6.59711 -23.6129
675 8.82124E-3 1.1336 -38.9108

:3 1.72795E-2 2.22055 -33. 0708
:1: .396965 51. 0132 -5.84636

18 phlM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
28 HZ OUTPUT FPEOUENCY

Ph!M INCREMENTS CENTERED

COMPONENT RBS AMPLITUDE P.C. REL FUND PB REL FUND

-C. 778161 100 0
:,4 8. 67668E-3 1.11502 -:9. 0543
364 8.5 392E-3 1.09282 -39. 229
420 .141589 18. 1953 -14.8008
476 .1:3996 24. :73 0 :3 - 12.2878
532 .104923 1:3.4:8:34 -17.404
588 . 17:3007 22.2329 -1?.. 0601
644 5..13361E-2 6.59711 -2?3. 6129
700 8.82124E-3 1.1336 -38.9108
812 I.72795E-2 2.22055 -33. 0708

18 PIIM INCREMENTS PEP OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
29 HZ OUTPUT FREOUENCY

PkIM INCREMENTS CENTERED

COMPONENT RBS AMPLITUDE P.C. REL FUND DB REL FUND

29 .778161 1o0 0
87 8. 67668E-3 1. 11502 -39. 054:3,
377 '. 50:292E-3 1.09282 -39.229
435 .141589 18.1953 -14.8008
493 .189096 24.3003 -12.2878
551 .104923 13.4834 -17.404
609 . 17:3n07 22.2329 -13. 0601
667 5.13361E-2 6.59711 -23.6129
725 8.82124E-3 1.1336 -38.9108
841 1.727q5E-2 2.22055 -33.0708

Ca . U£-

e .



18 PUJM INCREMENTS PEP OUTPUT CYCLE
5 TNTEGRATIDN STFPS' PEP INCRPEMENT
2.9 HZ OITPUT FRFOJENCY

PlM INCREMENTS CENTERED

COMPONENT AB- AMPLITUDE P.C. PEL FUND 'E PEL FUND

2 .778:161 100 0
84 R. i, T.7668E-3 1.11502 -3;. 054:3
364 8. 50:392E-3 1. 09282 _39-229
40') . 1415,R9 18. 195:_. -14. 8 n8
476 . 189 096 24. :3: 003 -12.2878
532 .1 0492? 1:3.484 -17.4014
5 -1 :3.17:31117 21 2. 2:3 2'q - 1:3. 06 01
64 4  5.13361E-2 6 . 59711 -23.6129
700 8.::2124E-:3 1. 1::-6 -:38.9108
812 1.727q9E-2 2.22055 -33.0708

18 PIJM TNCREMFNT$ PEP OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
29 HZ OUTPUT FREOUENCY

PIJM INCREMENTS CENTEPFD

COMPONENT AP:'.-J AMPLITUDE P.C. REL FUND iE REL FUND

29 .772161 100 i
:37 : 7,, E-3 1. 11502 -- 9. 054:3
37 7. 5 ::392E-3 I - :-: 9.229
4:35 . 141589 1:3. 1;53 -14.8008
49 . 189n96 2 4.30 I.- -12.2:378
551 . 10492'3 1:3. 4834 -17.404

S09 . 173 0( 07 22. -21:-. 0" _01
667 5. 1:-36 1E-2 6. 591 11 -23. .129
729 :3 . .,21 ?74E-3 1.1 :_-::i:. r. -3.91 08
841 1. 72795E-2 2.22055 -:3. 07 08

18 phIM INCPEMENTC: PEP OUTPUT CYCLE
5 INTEGRATION -:TEP$ PEP INCREMENT
30 HZ OUTPUT FREOUENCY

PIM INCREMENTS :ENTEPED

COMPONENT ARC AMPLITUDE P.C. REL FUND DR REL FUND

30 .778161 10 
9 0 R. 67668E-3 1. 11502 -'39. 054-3

9 --. 5 039 2 E- 3 1.0 9282 -:9. 2 2 9
49,0 . 14159 1'. 195:3 -14. :3 0:-
510 . 189096 24. :3U0:3 -12.2878
570 . 104923 1:. 4834 -17.404
6:30 . 17'3007 22.2329 -1:3. 0601
690 5.1:3,3161E-2 6. 59711 -23.6129
750 8. 82124F-3 1. 1 r3:6 -38. 9108
870 1.7P7'9,E-2 2.22055 -33. 0708

----
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15 PIIM [NCRFMENTZ PEP OUTPUT CYCLE
5 TNTFGRATTON MTFP PEP INCREMENT
31 HZ OUTPUT FREOIUENrY

Pi.1M INCREMENT? CENTERED

COMPONENT RA*-: FMPLITUDE P.C. EL FUME' tE PEL FUMED

.31 .7751115 t1'
93,,- --" 1. 875 -3.5. 9789

372 .1 -4617 17. 3697 -15.2042
434 . 199153: ,.82 -11.7917
496 , -679E-2 1.6' ,2 17.9016.
55, .172n72 .l"25 13.072
62"I 5.65064F-2 '.2111 -2.7442
6,2 1.1 1796E-2 1. 4425 -36.2177
71I-' 1 .:36635E-2 1.76299 -35.07
--. 57.594E-2 11.055 -19 . 206

837. i304'E-2 8-,. 1 311 .25-
8'9,; 7.0t'2188E-2 11.06032:-- -2 0.8:-571

15 P.hl INCREMENTr: PEP OUTPUT CYCLE
5 INTEGRATION "-.TEPS PER INCREMENT
:32 HZ OU-ITPIT FREOFIIENCY

P,.M INCREMENTS CENTERED

COMPONENT RE:.': RMPLITUDE P.C. REL FUND ri PEL FUME'

:,'2 , ,5015 I o - A
'9L . 12313 1. ,-15,9789-9
?24 .134617 17. -6'97 -15.2 42
448:- .1 993;:9R 25.7282"" -11 . 7'-91:
512 9• -.-S-'79A:E- 2. 12.73-26, - 17.• 901E.
57W, .172 Q72 22.2025 - :. 072

6411 5.ii5'64E-2 -.2911 -22. 7442
7fi4 1• 117E-2 1. 4425 -6.8177
7A. 1.36 35E-2 1. 769 -35.0 5

:l. 97594E-2 . 1 655 -19. 1206
864 6. 30499E-2 8. 135:31 -21.7925

287. -188E-2 9. 0610:32 -20. :8571

15 PhM INREt-:.FMENT7-- PEP OUTPUT CYCLE
5 INTEGRATION M TEP' PEP INCREMENT
33 HZ OU TPUT FRFOUENCY

PIM INCREMENTS CENTERED

COMPONENT AB. AMPL I TUDE P.C. REL FUND DE REL FUND

_3 .77 015 l10 A
99 A12:31 1 , 9,..* .
396 .14,17 17 . -697 -15.2 042
4 002 .1'a.',3'8 2.7282 -1 9
%_-1 _ _ 12 .732 -17.9016

594 .172n72 22.2025 1 3.072
660 5.65004E-2 ' 2'91 I2 2. 7442

72 .19F2 14425. -?6.81,-7772r I 117":F-'- 1. '4 C 1
159 ,.. 6,E-2 1. 76299 -5. 075

:825 8.575q4E-2 11.0655 -19.1206
891 6. 7 n4q9F-2 :8. 135:31 -21.7925
957 7.A::lD8E-2 9.06032 -20.8571

-------------------------------------------------------------



15 P1hl INCREMENTS PE'P oITPIIT CYCLE
5 INTEGRRTION 'TEPS PER INCREMENT
:34 H? OITPIIT FPE.-IENCY

p'hM INI:PEMENTS CENTEREr

COMPONENT A -._: AMPLITU]iE P.C. REL FLiND riB REL FUNDi

34 .775015 loiii 0

102 .:1231: 1.. -35.9789

40.1 .134617 1 7, .37 -1.2042
476 .199 9 25.728 'Q q :L= ':,'1. 791 -:

544 q'.6796E-2 1 .326 -17.9016

612 1 2072 22.202 -1 .072
r:. .5064E-2 7.29-'10 -27442

74:3 1. 11796E-2 1. 4425 -36.177

722 1.:6,35E-2 1. 7629 -3 075
20 8. 57994E-2 11. 0655 -19. 1206
918. .0499E-2 8. 13531 -21.7925

984 7. 021: :E-2 . 032 -20. 571
-------------------------------------------------------------------------

15 P1 1 TNPEMENTZ PEPr OUTPUT CYCLE
5 INTE RATION 7TEP. PEP INCREMENT

:35 HZ OnUTPUT FPRFiiUENCf.Y
Ph M IN-LPEMENT3- CENTERED

CFOMPONENT ABS AMPLITuE P. C. REL FUND iE PEL FUND

35 .775015 il 0r
105 .012313 1.58875 -35.9789
4211 .134617 17. :1 70 42
4q 17 .9 3 R 2"5.7282L ,": -I117'91

5,1. 6796E-2 1..326- 1 -'ii-
11- .1 72072 22.202 13 .7

7 Il.1 i. 9 .5064E-2 7.29101 -2'.7442
771 1 117"6F-2 1 4425 -'6.:177
:80 '7 I • 3 :,35E - 2 1.•762';-'9 9 -S--:5.0I7 5

:::, 8.57994E-2 11 .0655 -19. 1 06
945 6,. 30499F-2 1 3531 -21. 925

IA15 71 l::E-2 9. 6iil - -2 .8

15 Ph1.M1 IrNCPEMFNT PFR OITPIIT C,"CLE
I, INTEi;FRTION .TEF'-. PER INLREMENT

"6 H7 OUTPIIT FF'E1ilIENC Y
PIM INR'EMENT:": C:ENTERED

cOMPONENT RF". AMPLITUDE P.C. REL FUND IE: REL FUNDi

i36 .- 9 1 .)
,< 4R. 1 , 1'I IC1 4-109 .0123 ".5887 5  - 35. 9789

4'. 1'-41 17.3 7697 -15.2042

57 ';. :-t: ,F-.' 12.73 6 -17,9016
i4::: .1iE07P 22.205 - 1.07

7:' ..064F-2" .2,101 -22:. 7442
7'92: 1.1 179,AE-2 1.44,-5 -_36.8:-17-7
',.1: 1.W: AW-,5 -2 t .76299 -3,0 "75.
90 fl" '.5=,79,'94 F-2 1 1.0l6 5 5 - 19,:.12 06
972 A, .31"4Q'W-' 8',1 3-52:,1 -2 t1.7925
t044 ,-".0"1piq:::-2 9.060t, "1:32 -20. 8571

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -t-



12 P.IM INCREMNT. PEOTIJ CYCLE
5 INTEGRATION STEP! PER INCREMENT
:7 HZ OU-tTPIT FREOUENCY

PIJM INI-:REMFNTS CENTERED

COMPONENT RB AMPLITUDE P.C. REL FUND DB REL FUND

37 .769282 100 0
ill 1. .7.-' A-E-2 2.43484 -3--'2.2706
33:3 .2325-: . .0225 -15.9054
407 .215324 27.990? -11.0599
421 9.:01056F-2 11.7129 -18.6267
555 .169775 22. 069:3 -1:3. 1242
629 7. :31866E-2 9.5136: -2 0. 4:3:3 1
70: . 42229E-2 1 . 482 - 18. 2386
777 :-.1142--2E-2 10'. 54783 -19. 5368-

:351 7. 4:3:2-E-2 '9. 6626 3 -20 .2981
925 -4122E-2 4. 99:326 -26.0I32
1 2. 342 1 :3E-2 ::-: . I 4 4 6 -, II. -0 3 93

1073 .11725 15 2415 -16.3'5

12 Ph.IM INCREMENT;" PER OUTPUT CYCLE
5 INTEGRATION "TEP PER INCREMENT
38 HZ O1ITPIIT F'EOIIENCY

PI.IM INCREMENTS CENTERED

COMPONENT A- HMPLITIUDE P. C. F'EL FUND DE REL FUND
:3 :--_: .7 F, '92833 2 XO

114 1. 3- O7',E- 2 2. 4:34:: 4 - 2 .27 06
2 12:-25R 1 0'1225 - 15 9054

418 21 .:-.. 4 2 - 911. 09
494 9. AIl 056E-2 I 1. 7129 -1;-. 626E
570. 1 #:. 9 7 7 9 2_: 2' . :. E _9: 3 - 13"_. 124 2

646 7. 1 _3 116E -2 '9.- 1 2 0. 4 *:::':: 1
722 '-.42229E-2 1 2.4 -1s.238-6

8.11422E-2 1" 14 -36

87 4  7. 4:-:32:E-2 9. .26'3 -2 . 2981
95(1 3. :-:4122E-2 4. 99:326 -26.0:32:3

1 026 2. :-4 1:3 E -- :3. 0446:3 -:30. :3 293It( 151 2' 1. .:'.  -
1102-.11725 14. 1'5-:_95

12 PhIM INCREMENTS PEP OUTPUT CYCLE
5 INTEGRATTON :TEPS PEP INCREMENT
'39 HZ OUITPUT FRFOIJENCY

PIM INrPEMENTS CENTERED

rOMPOJ4FNT ABS AMPLITUDE P.C. REL FUND DB REL FUND

39 .769282 1'i' 0
117 1 . 113:7:3_ ORE-F.2 2 . 4:-4:-:4 -3' 2. 27 06E.
:.=I .12:-:2 5:3 16. 0225 -15.9054

4.' 15:324 27. 99 ,- 11. 0599
5-07 . 0 5E--2 11.712- 1 8.6267
5 *-- - 169-775 221. 0 9"3 13. 1242
E, ,.: _- :,31R66E-2 '9 .51363 - 2 0. 433
741 9.42229E-2 12 .2 4 82 1-. 2,.6

.1 11422E-2 1 0. 5478 19.5368
S 4 7--- -e 9. 6626-: -20 .981

9 , :84122E-2 4.'99:726 ... :32,3
105 2.:421 *E-2 3. 0446:3- 30. 3 293
i131 .11725 15.2415 -16. 3395"

-----
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12P,$tCEET PP -j T P'LIT C YCr-LE
5 INTEGRATION STEPS PER INCREMENT
40 HZ OUTPUT FPEOUFNCY

P1M INC-REMENTZ CENTERED

COMPONFNT RB:-: RMPLITUDE P.C. REL FUND DB REL FUND

4' .769282 100 0
120 1 87:3;E-R 2 4-'4 -32. 2706
_ t.: ' 1z . - . ** ,:,0936. 0 . ........8 16.0225 -15. 9054

44: '15:32 4 .990:2 11.099
520 9. l u5,E-2 11. 129 -18. 6267
60 ) 1 A19775 221 . " E-3 -1:3.1242
6: i 7. :3*1 rE. - 2 9.5 1: 6: 2 0. 4:3:1
76 0 '. 42229E-2 12.2482 - 1. 2:386
:40 8.11422E-2 10.54.8 -19.5368

92 A 7. 4:--:'2:3F-2 9.6626:3 -2 0.2981
1000 3.24122E-2 4.99:326 -26. 0323
108ri 2:4217E-2 03.14463 -- I1 329 3-
1160 11725 15.2415 -16. 3395

12 PIJM INCREMENT PEP OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
41 HZ OUTPUT FPE-iIENCY

PIrM ITP.EMEMTS CENTERED

COMPONENT AF:- HMPLITUDE P.C. PEL FUND DE PEL FUND

41 .769222 100 i
12: 1 . - h7 i 71--E- 2 4=- 4 :"- 4

- .123258 16. C -15.9 054
45 1 .215:324 27.990:3 -11. 0599
5?1:' 9. AI 056E-2 11. 7129 -18. 6267

697 1366E-2 9.51363 - 2 .1 4 -371
779. 9. 4 2229E2 12. -32 -18.236

80r, I 2. 11422E-2 103. 54.,--- 19.5368
94: 7 .4:-: 28E-2 9. 6626:3 -20.2981
1 025 3•84122E-2 4.99:326 -26. 0:32:3
110i7 2. :34218E-2 :3. 0 446:3 -:3 0. :3 29 3
11 .11725 15.2415 -16.3395

12 PhIM INC.EMENT. PEP OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
42 Hz flIITPIIT FPEIIENCY

PMaN INCREMENTS CENTERED

COMPONENT AKB AMPLITUDE P.C. REL FUND D_ REL FUND

42 .769282 100 0
126 1.27:302E-2 2.43484 -32. 2

F 7-- 8,,-1 16.0225 -15. 9054
462 . 15:324 2 i7. '9. 0'- - -11.0599
54 9. 01(156E-2 i .7129 -18.6267'

r.~I ....... l -C1 l.-.4,-J;, -'1 r .16977+,.,.5 2' 2. 0 6 9 3, - 1.1242 '

714 7.:31 , -F-. 9 5136- 1 -20. 43 1
79", :: 9 .. 422:29E-;2 12.2;-48-2 -1812,_ 86 -b' -

8 .82 8.11422E-2 10Ii. 5478 -19.5368

3 5.8-4122E-2 4. 99 2cE2 -26. 0:323
1134 2.:34 18E-2 3. 0446:3 -30. :3293
1218 .1t725 15.2415 -16. 3395

----- - --



HARMONIC ANALYSIS OF SYNTHESIZED INE WAVE USING
CONSTANT AMPLITUDE PI.,M IiAVEFORM.

12 P!,.M INCREMFNTS PER OIJTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
4:3 HZ OUTPUT FREIUFNCY

PkJM INCREMENTS CENTERED

COMPONENT ABZ AMPLITUDE P.C. REL FUND DB REL FUND

43. .769282 100 0
129 1. 87:308E-2 2 4 .44 -:32.2706
:387 .12:3258 16.0 225 -15.9054
471 .21924 27993 -11.0599
559 9. (1050:E-2 11.7129 -18.6267
645 .169775 22.0 693 -13.1242
731 7.31866E-2 9.513'. -20.4331
R, 17 q.42229E-2 1- "•4-82 -18.2386

-

I

C/Bu



12 PhIM INrPEMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
44 H7 OUTPUIT FPEOIJENCY

PlhlM INCREMENTS CENTERED

cOMPnMENT ABS AMPLITUIDE P.C. REL FUND DB REL FIJND

44 .769282 100' I0
132 1.873 0:3E-2 2.43484 -32.2706
396 .12325 16. 0225 -15. 9054
484 .215324 27.9903 -11. 0599
572 9. 01 056E-2 11.7129 -18.6267
66 0 .169775 22. 069: -1:-3. 1242
74 7. 1866E-2 9.513 6 3 -20. 4331

9. 42229E-2 12.2482 -18.2386

12 PlM INCPEMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPc' PER INCREMENT
45 HZ OUTPUT FPEOUENCY

PIIM INCREMENTS CENTERED

CO ,P1PNFNT AB: AMPL ITUDIE P.C. PEL FUND DB REL FUND

45 .769282 100 0
1 . .... ," :, 03E-2 2.43484 -:32. 2 7

405 .12*3253 16. 0225 -15.9054
49; .215324 27.990:3 -11. 0599
5139:5 9 .01 056E-2 11 .7129 -18.6267
679 .169775 22. 0693 -13.1242
765 7.:186EE-2 9.51:363 -20.4:3:31
855 9.42229E-2 12.2482 -18.2:386

9 PlM TNCREMENTS PEP OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
46 HZ OUTPUT FREOUENCY

PhlM INCPEMENTS CENTERED

COMPONENT RS AMPLITUDE P.C. REL FUND DE PEL FUND

46 .757151 100 0
138 .0:31447 4. 15:33:3 -27. 6:321
276 .102612 13.5524 -17.3597.2 2 6 2 .C, i:, 3

368 24266 :32. 0762 -9.8:7634
46 n 7.79fn4:-:E-2 10. 2891 -19. 7524
552 .162475 21.4587 -13. :3679
598 6.4i.4:-E-2 8. 53519 -21. :375 "?
644 7.46(73E-2 9. 8 5 9-: 6 9 -20.128
690 . 1 "27A6 1:3.5648 -17. 3517
7?30; ?.3::3374F- 3. 0,8226 -30.2226

782 9.21435E-2 I 0.49 -19.2922
'374 3.72516F-P 4.91996 -26.1608
920 4.69544E-2 6.20146 -24. 1501

----------- ----------------------------------------------------

C-



9 PWM INCREMENTS PEP OUTPIJT CYCLE - .
5 INTEGRATION STEPS PEP INCREMENT
47 H7 OUTPUT FREQ0UENCY

PIIM INCRFMENT5. CENTERED

COMPONENT AK'r AMPLITUDE P.C. REL FUND PB REL FUNrD

47 .757151 100 0
141 .0:31447 4. 15333 -27.6321
2R2 .ln2A12 13.5524 -17.3597
376 .242866 32. 0762 -9.87634
470 7. 7904:3BE-2 10. 2891 -19.7524
564 .162479 21.4587 -13.3679
b11 6. 424E-2 8. 53519 -21. 3757
659R 7.46 073E-2 9.85:369 -20. 128
709 .1 2706 1:23. 5648 -17.3517
752 2.33:374E-2 3. 08226 -30.2226
799 8.214:35E-2 10.849 -19. 2922
8913 3.72516E-2 4.91996 -26.1608
940 4.69544E-2 6.20146 -24. 1501

9 PIM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCREMENT
48 H? DU-JTPIIT FREOIIINCY

PIJM INCREMENT? CENTERED

COMPONENT AF:S AMPLITUDE P.C. PEL FINr' DB REL FUND

48 .757151 100 0
144 f31447 4.153:3 -7.6321
288 .102612 13.5524 -17.2597
384 .242866 32. 0762 -9. 876:-4
480 7.79043'E-2 10.2891 -19. 7524
976 .162475 21.4587 -13. 3679
624 6. 4624:'3E-2 8.53519 -21. 3757
672 7.46073E-2 9. 85369 -20 128
720 .102706 13. 5648 -17.3517
768 2.3:3374E-2 :3. 08226 -30. 2226
816 8.214'35E-2 10.:849 -19.2922
912 3.72516E-2 4.91996 -26.1608
96n 4.69544E-2 6.20146 -24.1501

9 PIM INCREMENT? PER OUTPUT CYCLE
5 INTEFGRATION STEPS- PEP INCREMENT I
49 HZ OUTPUT FPFOUENCY

PWM INCREMENTS CENTERED

COMPONENT AB' AMPLITUDE P.C. REL FUND DB PEL FUND

49 .757151 100 0
147 .0:;1447 4.15333 -27.6321
294 .102612 13.5524 -17.3597
392 .242866 32. 0762 -9. 876'34
4n 7.7904 R3E-2 10.2891 -19. 7524
9R .IA2475 21.4587 -13.3679
f;37 6.46243E-2 8.53519 -21.3797
686 7. 46073E-2 9. 85369 -20. 128
735 .102706 13.5648 -17.3517
784 2.:3- ;74E-2 3. 08226 -30. 2226
833 8.214::,9E-2 10.849 -19.2922
931 3.7251AE-2 4.91996 -26.1608
980 4.69544E-2 6.20146 -24. 1501

---------------------------------------------------------------

t
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9 *INTFRIIPTED+
140 H=INT'85o/S)
45 FOR S=50 TO 60
RIJN

78112..'22. 09.48.48.
PPOGRAM HARM

HARMONIC ANALYSIS OF SYNTHESIZED SINE IAVE U:SING
CON.TArNT AMPLITUDE PIIM IAVEFOPM.

9 PlM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PEP INCPEMENT
50 HZ OUTPUT FPEOUENCY

PU..M INCREMENTS CENTERED

COMPONENT ABC AMPLITUDE P.C. REL FUND DB PEL FUND

50 .757151 1o0 0
1 90.031447 4. 1'3 -27.6321
300 .102612 13. 5524 - 17. '597
400 .242866 3.- 07,2 -9. 876*34

,ri7 04:3E-2 0 .2891 -1 .7524
61no' . 162475 21. 4587 -1"3. 3679

690 6.46,243E-2 8.59:519 -21. 3757
700 7.46073E-2 9. ::2:-69 -20. 128
750 .I027n6 13. 5648 -17. 3517
8nn 2 .:- -':IS374 E- 2 3. 0822. -3 0.2226
350 , 8214:35E-2 10 .849 -19. 2922

9 PhM INCREMENTS PEP OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
51 HZ OUTPUT FREOUENCY

PI.JM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. PEL FUND DB PEL FUND

51 .757151 100 0
153 .0:1447 4.15333 -27.6:321
306 .102612 13.5524 -17.3597
408 .242866 32. 0762 -9. 87634
510 7.7904:3E-2 10.2891 -19.7524
612 .162475 21.458-7 -13.3679
6033 6. 46243E-2 8.53519 -21. 3757
714 7.46073E-2 9.85369 -20.128
765 .102706 13.5648 -17.3517
316 2.33374E-2 3.08226 -30. 2226

cx--i
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9 PlM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
52 HZ OUTPUT FPFOUFNCY

pl,.M IPCREMEETP CEITERED

COMPONENT ABRS AMPLITUDE P.C. REL FUND DB REL FUND

52 .757151 100 0
156 .031447 4.15333 -27.6321
312 .102612 13.5524 -17.3597
416 .242866 32.0762 -9.87634
52n 7.79043E-2 10.2891 -19.7524
624 .162475 21.4587 -13.3679
67 6.4624?E-2 8.53519 -21.3757
728 7.46073E-2 9.85369 -20.128
780 .102706 13.5648 -17.3517
2:32 2.33374E-2 3.08226 -:30.2226

9 PhIM INCREMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
53 HZ OUTPUT FREQUENCY
PWM INCREMENTS CENTERED

COMPONENT RBS AMPLITUDE P.C. REL FUND DB REL FUND

93 .757151 100 0
159 .031447 4.15333 -27.6321
318 .102612 13.5524 -17.3597
424 .242866 32.0762 -9.87634
530 7.79043E-2 10.2891 -19.7524
636 .162475 21.4587 -13.3679
689 6.46243E-2 8.53519 -21.3757
742 7.46073E-2 9.85369 -20.128
795 .102706 13.5648 -17.3517
848 2.33374E-2 3.08226 -30.2226

9 PkIM INCREMENTS PER OUTPUT CYCLE

5 INTEGRATION STEPS PER INCREMENT
54 HZ OUTPUT FREQUENCY

PWM INCREMENTS CENTERED

COMPONENT RBS AMPLITUDE P.C. REL FUND DB REL FUND

54 .757151 100 0

162 .031447 4.153:33 -27.6221
324 .102612 13.5524 -17.3597
432 .242866 32.0762 -9.87634
540 7.79043E-2 10.2891 -19.7524
648 .162475 21.4587 -13.3679
702 .46243E-2 8.53519 -21.3757

756 7.46 f7!E-2 9.85369 -20.128
10t .102704 13.5648 -17.3517
--------------------------------------------------------------------- a

:ii LA?
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9 PhIM INCREMFNTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
55 HZ OUTPUT FREQLIENCY

PlJM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB REL FUND

55 .757151 100 0
169 . 0:1447 4.15S33 -27.6321
330 .102612 13.5524 -17.3597
440 .242866 32. 0762 -9.87634
550 7.7904:3,E-2 10.2891 -19. 7524
b",n .162475 21.4587 -1:3.:3679
719 6. 4624:3E-2 8. 53519 -21.3757
770 7.46073E-2 9.85369 -20. 128
825 .102706 1:3.5648 -17.3517

9 PIIM INCREMENTS PEP OUTPUT CYCLE

5 INTEGRATION STEPS PEP INCREMENT
56 HZ OUTPIJT FPEOUENCY

PIJM INCPEMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB PEL FUND

56 .757151 100 0
168 . 0:-: 1447 4.15:3:33 -27. 1
:3"36 .102612 13.5524 -1V . 3597
448 .242866 32. 0762 - .8'7634
560 7.7904:3E-2 10.2891 -19. 7524
672 .162475 21.4587 -1-. '679

728 6.4624.-:3E-2 8. 5:-519 -21. 3757
784 7.460F173E-2 9 . :5369 -20.128
840 .102706 1:3.5648 -17. 3517

9 PIM INCPFMENTS PER OUTPUT CYCLE
5 INTEGRATION STEPS PER INCREMENT
57 HZ OUTPUT FPEOUENCY

PlJM INCREMENTS CENTERED

COMPONENT AB: AMPLITUDE P.C. REL FUND DB REL FUND

57 .757151 100 0
171 .031447 4. 15:-33 -27.6321
342 .102612 13. 5524 -17. 3597
456 .242866 32. 0762 -9.87634
570 7.79fl43E-2 10.2891 -19.7524
684 .162475 21.45:37 -13.3679
741 6.46243E-2 8.5:S519 -21.3757
798 7.46073E-2 9. 85369 -20. 128

ca3
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9 PUM INCREMENTS PER OUTPUT CYCLE ' ,"I
5 INTEGRATION STEPS PER INCREMENT
58 HZ OUTPUT FREQUENCY

PJM INCREMENTS CENTERED

COMPONENT ABS AMPLITUDE P.C. REL FUND DB PEL FUND

58 .757151 100 0
174 . 1131447 4.15333 -27. 6321
348 .102612 13.5524 -17. 3597
464 .242866 32. 0762 -9.87'34
580 7.7904:,E-2 10. 2891 -19.7524
696 .162475 21.4587 -13.3679
754 6. 4624:3 E-2 8.53519 -21 . 757
812 7.46A7:-3E-2 9.85369 -20.128

9 PlM NCREMENTS PEP OUTPUT CYCLE
5 INTEGPRATION $TEP ' PEP INCREMENT
59 HZ OUTPIT FREQUENCY

PIJM INCREMENT? CENTERED

COMPONENT ABS AMPLITUDE P.C. PEL FUND DB PEL FUND

59 .757151 100 0
177 .0 :- 1447 4.15333 -2 .6321
354 .102612 13. 5524 -17.3597
472 .242-P66 32 .7 -9. 987634
590 7. 7904-E-2 10. 2891 -19.7524
708 .162475 21 4587 -13.3679
767 6.46243E-2 8. 53519 -21 .3757
826 7.46073E-2 9.8:369 -20.128

9 PlM INCPEMFNT?. PEP OUTPUT CYCLE
5 INTEGPATTION CTEPS PER INCREMENT
60 HZ OUTPUT FREOLIENCY

PIdM INCREMENTS CENTERED

COMPONENT AR; AMPLITUDE P.C. REL FUND DB REL FUND

60 .757151 100 0
180 .0'31447 4.15333 -27.6321
360 .102612 13.5524 -17. 3597
4!; 0 .242RA6 32. 0762 -9. :37634
600 7.79f43E-2 10.2891 -19.7524 - a
720 .162475 21.4587 -13.3679 " .
780 6.46243E-2 S.53519 -21.3757
840 7.46071E-2 9.85369 -20. 128 ,

e,24
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APPENDIX D

Average Values of PWM Steps - Computer Ouput
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I NTER'L , I EGF:EES AVERAGE 51 . 0 1. 111 T RER',ALS
FROM TO VALUE

0. 000 7. 059 0.062
7.059 14.118 0.184
14.118 1 176 0.303
21.1.76.235 0.418
28.235 "5.294 0.526
35.294 42.35: 0.627

442.353 49.412 0.717
49 412 56.471 0.798
56.471 6 3. 52 0.865
639529 70.5 0.92
70.588 77.647 0.961
77. 647' 84.706 0.988
84 .7U 91.76.5 .999Si.765 98.:32-4 0.9959 1. S24 105.33 0.976

105. 882 112.941 0.943
112.941 120.000 0.895
120 .000 127.059 0.833
127.059 134.11, 0.759
134.118 141.176 0.673
141. 176 14:3. -235 0.577
14 . .35 155 .294 0.473
155 2'4 162. 3 5 0.361
162 .9- 169. 412 0.244
169. 412 176.471 0.12:3
176.471 18:3.5' 0.000
183. 529 190 .5o -0.123
170.588 197.647 -0.244
197.647 204.706 -0. 361
204. 706 211. 7- -0.473
211.765 21:. 824 -0.577
18.824 225. 3:,- -0.6732.25 8-8 2 2 32. 941T -0. 759.

232.941 240.000 -0.833
240.000 247.l' -0.895
247.059 24. 11: -0.943
254.118 261. 176 -0. 976
261.176 26c' - ...- 0.995
268.235 275.2 24 -0.999
275.294 282.c;: -0.988
289.412 h94L1 -0.96123 .412 2'96.4-o. -0. 9120 "

296. 471 : "-' -0.86530:3.529 31 .' -0. 798-:
310.588 1 6d -0.717
317.647 324. 7jo -0.62324. 706 "" • " -0.526
3:31 .765 ":" 824 -0.418338 ... 024 3 45. 1:1::, -0. 300

.,45.882 352.941 -0.184

DO

- - ,~ .. . f. -. .. ' .. ... .... .. - .. ... .- ,... .. '11 -... 
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1l1i ENVHL ',LECRL&E;., HVEPRAGE , I1Etjf LFYHLS
FROM TO VALUE

0.000 6.316 0.055
- 6.316 12.632 0.165

•40 12. 632 18.94f 0 ? ' .272

18.947 25.26:3 0.376
-- 25.263 31.579 0.476

31. 5779 37.895 0 .570
37.895 44.211 0.656
44.211 50. .,-6 0.735
5A . 56. 842 0.805
56.842 63.158 0.:66
63.158 69.474 0.915
64 4 75.7:39 0.954
75. 789 82. 105 0.981
K.. 105 88. 421 0.996
8.421 94.. 0.999
94.737 10 .0 3 0.990
101.053 107. 368. 0.969
107. 368 11:. 6:-:4 0.936
113.684 120.000 0.892
120.000 126, :: 316 0.8:37
126.316 13 2.6-2 0.772
132. 632 13:.'3.47 0.697
1:,8. 947 145. 26:3 0. 6 14
145.26:3 151 .579 0.523
151.579 157. :9 0.427
157.895 164.211 0. 3,25
164.211 170.52% 0.219
170.526 176. 842 0.110
176. 842 1 G.15 ,.000
18:3.158 18.474 -0.110
1:9.474 195. 739 -0.219
195.78-9 202.105_ -0.3Z5 ".

202. 105 203. 4 1 -0. 427
208.421 214.f,':7 -0.
214.737 221. 05u -0.614
221.05:3 2 2 . G:: -0.697
227. 36: ." .. 64 -0.772
,2. 3. 684 240.000 -0.837
240.000 246. 316 -0. 892
246.316 252.6:32 -0.936
252. 632 258. 947 -0.96 9
58.947 265. :::: -0.990

'265. 263 27,-1, 5,:') 9-0.999
271.579 27 7." ED •: . -0. 9)96
277.895 :'11 -0.981
284.,.11 -0. 954
2 0. 52 29t, :',.- -0.915
2. 6. 842 3 . 1 -0. 866

S 303. 158 :30'. 44 -0.805
30. 474 ".15._. ' -0.735
315.78 3."%,:. t -0.656
: Il 5... 42 . 1 -0. 570
.28. 4c1 :3,:4. -0.476
33 4. 7.3.7 341.0 -0.:376
341.05:3 347• 36 -0.272
347. 368 353. 684 -0. 165

07

- .,,- -. _ _ _ - - - --- - t - -- . --



* 111fERVFL ,Lub-LL ., vIYERCGE II i Vi iLS
FROM TO VALUE

0.000 5.714 0.050
* 5.714 11.429 0.149

11.429 17.143 0.247
17.143 22.857 0.342
22.857 28.571 0.434
28.571 34.286 0.521
34.286 40.000 0.604
40.000 45.714 0-680
45.714 51.429 0.749
51.429 57.14:3 0.812
57. 143 62.857 0.866
62.857 68.571 0.911
68.571 74.286 0.948
74.286 80.000 0.975
80.000 85.714 0.992
85.714 91•.429 0.999
91. 429 97.14: 0.997
97.143 102.857 0.984
102.857 108.571 0.962
108.571 114.2%=86 0.930
114.286 120.000 0.890
120.000 125. 714 0.840
125.714 131. 429 0.782
1.31. 429 137.147 0. 716
137.143 14-,.-'-_, , 0.643
142.857 1485 '1 0.563
148.571 154. 2h 0.478
154.286 160.000 0.388
160.000 165.714 0.295
165.714 171.429 0.198
171.429 177.14:': O.100
177.143 182.857 0.000
1:2.857 188.571 -0.100
188.571 .194 •2'. -0.198
194.286 200. 000 -0.295
200.000 205.7 14 -0.388
205.714 211. 429 -0.478
211.429 217.143 -0.563
217.143 222.857  -0.643
222.857 228.571 -0.716
228.571 234. 28G -0.782
234. 286 240. 000 -0.840
240.000 245.714 -0.890
245.714 251.429 -0.930
251.429 257. 143 -0.962
257.143 262.857 -0.984
262.857 268.571 -0.997
268.571 24 "' -0.999
274.286 280.00ti -0.992
280.000 285.714 -0.'975
2:35.714 291. 4' -0.948
291.429 297.1+ -0.911
297. 143 302. -0.866
302.857 :308.r Si -0.812
308.571 314 .2:],. -0.749
314.286 320. Oill -0.680
320.000 325.71-1 -0.604
325.714 31 .424 -0.521
331.429 337.143 -0.434
337.143 342.857 -0.342
342.857 348.571 -0.247 D8
348-.571 354. 86 -0.149

. . . .. . ' '... lilrI.. .. . . 'r I x.* ; r..



INTERVAL (DEGREES) AVERAGE 69. 00i INTERVALS
FROM TO VALUE

0.000 5.217 0.045

5.217 10.435 0.136
10.435 15.652 0.226

vs 15.652 20.870 0.313
20.870 26.087 0.398

"- 26.087 31..304 0.480
* 31.304 36.522 0.558

36.522 41.7:39 0.631
41.739 46.957 0.699
46. 5 7 52.174 0.761
52. 174 57.391 0.817
57.391 62.609 0.866
62.609 67.826 0.908
67. 826 73.04:3 0.942
73. 043 78.261 0.968
78.2bi 83.47' 0.987
8. 478 88.696 0.997
88 . 96 93.91:3 0.999
93.91:3 99.130 0.993
99. 1:30 104.348 0.979
104.34: 109.565 0.956
109.565 114.78:3 0.926
114.783 120.000 0.888

* 120.000 125.217 0.842
125.217 130.4: 5 0.790
130.435 135.652 0.731
1:35.652 140.8f0 0.666
140.870 146.087 0.595
146.087 151.1304 0.519
151.304 15. 5.'2 0.440
156.522 161. 0.356
161.739 166.957 0.270
166.957 172. 174 0.181
172. 1?'4 177. 391 0.091
177.391 18. 609 -0.000
1:2.609 187. 826 -0.091
187.826 19:3. 043 -0.181
193.043 198.261 -0.270
198.261 203.473' -0.356
203.478 208.696 -0.440
208.696 213.91:3 -0.519

* 213.913 219. 1:'_0 -0.595
219.130 224.-348 -0.666

" 224.348 229.5'5 -0.731
229.565 2:34. 7. : -0.790
234.783 240.000 -0.842

S240.000 245.217 -0.888
245.217 250.4:5 -0.926

.255.F52 -0.956
255.652 260.'7' -0.979
260.870 266.0: -0.993
266.087 271.304 -0.999
271.304 276.5'-' -0.997
276.522 281. 7"9:, ) -0. 987
281.739 286.95? -0.968
286.957 292.174 -0.942r9 292.174 297.391 -0.908

* , - 0 0



. 1 302609 --0.866
302.609 307.826 -0.817
307.826 313.043 -0.761
313.043 318.261 -0.699
318.261 323.478 -0.631
323.478 328.696 -0.558
328.696 333.91:3 -0.480
333.913 339.130 -0.398
339.130 344.348 -0.313
344.348 349.565 -0.226
349.565 354.783 -0.136

INTERVAL (DEGREES) AVERAGE 75. u ! IHTERVALS
FROM TO VALUE

0.000 4.800 0.042
4.800 9.600 0.125
9.600 14.400 0.208
14.400 19.200 0.289
19.200 24.000 0.368
24.000 28.800 0.445
28.800 33.600 0.518
33.600 38.400 0.588
38.400 43.200 0.653
43.200 48.000 0.714
48.060 52.800 0.770
52.800 57.600 0.821
57.600 62.400 0.866
62.400 67.200 0.905
67.200 72.000 0.937
72.000 76.800 0.963
76.800 81.600 0.982
81.600 86.400 0.994
86.400 91.200 0.999
91.200 96.000 0.998
96.000 100.800 0.989
100.800 105.600 0.973
105.6@0 110.400 0.951
110.400 115.200 0.922
115.200 120.000 0.886
120.000 124.800 0.844
124.800 129.600 0.796
129.600 134.400 0.743
134.400 139.200 0.684

* 139.200 144.000 0.621
144.000 148.800 0.553
148.800 153.600 0.482
153.600 158.400 0.407
158.400 163.200 0.329
163.200 168.000 0.249
168.000 172.800 0.167
172.800 177.600 0.084
177.600 182.400 -0.000
182.400 187.200 -0.084
187.200 192.000 -0.167
192.006 196.80@ -0.249
196.800 201.600 -0.329

lil
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201.600 206.400 -0.407
-" 206.400 211.200 -0.482

211.200 216.000 -0.553
216.000 220.80 -/0.621
220.800 225.600 -0.684
225. 600 230.400 -0.743

* 2:30. 400 235.200 -0.796235,ZOO 2,0.f 0t . 844
"- 240.000 244.800 -0.886

244.800 249.600 -0.922
249.600 254.400 -0.951
254.400 259.200 -0.973
259.200 264.000 -0.989
264.000 268.800 -0.998
268.800 273.600 -0.999
273.600 278.400 -0.994
278.400 283.200 -0.982

. 283.200 288.000 -0.963
.0022.800 -0.9.7

292.800 297.600 -0.905
297.600 302.400 -0.866

* 302.400 307.200 -0.821
307.200 312.000 -0.770
312.000 316.800 -0.714
316.800 321.600 -0.653
321.600 326.400 -0.588
326:400 331.200 -0.518
3:31.200 33.000 -0.445
336.000 340.800 -0.368
340.800 345.60 -
345.600 350.400 -0.208
350.400 355.200 -0.125

INTERVAL (DEGREES) AVERAGE 81. 000 INTERVALS
FROM TO VALUE

0.000 4.444 0.039
4.444 8.889 0.116
8.889 13.33 0.193
13.333 17. 778 0.268
17.778 22.222 0.342
22.222 26.667 0.414
26.667 . 31.111 0.483
31.111 35.556 0.549
35.551 40.000 0.612
40.000 44.444 0.672
44.444 48.889 0.727
48. 889 5:3.333 0.778
53.333 57.778 0.824
57.778 62. 222 0.866
62.222 66.667 0.902
66.667 71.111 0.9335, 5 .91.5871.111 70Ct .95875.556 80.000 0.977
80.000 84.444 0.991
84.444 88.889 0.998
88.889 93.3 33 1.0
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93.333 97 77 0.995
97.778 10 2 22 0.985
102.222 106.667 0.968
106.667 110111 0.946
111.111 115.556 0.918
115.556 120.000 0.885
120.000 124.444 0.846
124.444 128..8R- 0 ea.
128.889 133.- :33 0.753
133.333 137. 771 0.700
137.778 142. '22 0.643
142.222 146.667 0.581
146.667 151.11i 0.517

15.1 55. 556 k -
155.556 160.000 0.378
160.000 164.444 0.305
164.444 168.889 0.231
168.889 17 3.33: :"- 0.154
173.333 177.773 0.077
177.778 18-..22 -0.000
182.222 186.667 -0.077
186.667 191.11i -0.154
191.111 195•556 -0.231
195.556 200.000 -0.305200.000 204. 444 ' -0. 378

~204 . 444 2'- 0 ,. 8-89 -0 .449
208.889 213.3 33 -0. 517
213.33:3 217.77:8 -0.581
217.778 22 -0.643.- ,..-br

222..222.. 2,'6.667f -0.700
226.667 231.111 -0.753
231.111 235.556 -0.802
235.556 240.000 -0.846
240.000 244.444 -0.885
244.444 248.889 -0.918
248.889 253:3::: -0.946
25'.j. 333 257. 77: -0.968
257.778 262. 222 -0.985
262.222 266.667 -0.995
266.667 271.111 -1O000
271.111 275.556 -0.998
275.556 280.000 -0.991
280.000 284.444 -0.977
284.444 288.889 -0.958
288.889 293.33:3 -0.933
293.333 297.77:3 -0.902
297. 778 302 .22l -0.866
302.222 306.667 -0.824
306.667 311.111 -0.778
311.111 315.556 -0.727
315.556 320.00o -0.672
320.000 324.444 -0.612

3232:34. 38.839 --0. 549
328.889 33 3.3:: -0.483
333.333 337.77C; -0.414
337.778 342.222 -0.342
342.222 346.66T -0.268
346.667 351.111 -0.193
351.111 355.556 -0.116

- --- " - -"Romp" .
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SPINTERVAL ,: IDEGREE' .. A AVERAGE , I N I lR''LS
FROM TO VALUE

V" 0.000 4.138 0.036
4.138 .276 0.108
8.276 12.414 0.180
12.414 16.5 5'2 0.250
16.552 2.•690 0.319
20.690 24.2..8 0.387
24.828 28.966 0.452
28.966 ""103 0.515
33.103 37.241 0.576
37.241 41. 379 0.633
41.379 45.517 0.688
45. 517 49. 655 0. 738
49.655 5.• 7 0'.785
53. 793 57.9q:. 0 .82"o" 8
57.931 6,2.06'9 0. 866
6..069 66.20:7 0.900
6p*'. 207 70. 3'5 0.2

.'.j45, 74 .48:- 0. 953

74.48:3 78.621 0.972
78. 621 ,2. 75' 0. 987
82. 759 :6.89 7. 0.996
86.897 91.0'4 1.0 10

..9 1 09 1-' 0.998.,: 95.17 99o..q .. ..310 - 0.992::12

99. 10 103.44'C"' 0.980
103.448 10. ' .. 0.963
107.586 111 724 0.942
111,724 115. 862 0.915
115 82 120 It 0.8-3

120. 000 124 .13 0.847
124.138 128 . ,-0: 0.807
128.276 13.2414 0.762
1:32.414 136.55* 0.713
1:36. 552 14. 69- 0.661
140.69,0 144. 0.605
144.828 148.96,6 0.546
148.966 15.:. 10: 0.48415 103 1.41 0.420

157.2 41 161 .37? 0.353
1b 1..:-.79 165.517 0.285
165. 517 16965c." 0.215
169.655 17. 79 0.144
173.79:3 177.9 1 0.072

S 177.9-- 182. C69 0.000
182.09 18-26.01" -0. 072
186. 207 190.345.  -0. 144
190.345 194.4 '. --0.215
194. 43 198.62 1 -0.285
198.621 202-7. '4 -0.353
202.759 206.S97 -0.420
206.897 211.01 -0.484
211.0-4 215.1,', -0.546
215. 172 219. :':1n --0.605
2 19. :-116- 223. 44:,; .... 66 e. 1

223.448 227.58' -0.713
227.5 8. 231. 724 -0.762
231.7 4 235.862 -0.807
?.,. __2240.0oo -0.847

.......
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244.138 248.27PL -0.915
248.276 252.414 -0.942
252.414 256.552 -0.963
256.552 260.690 -0.980
260.690 264.82'' -0.992
264.828 268.966 -0.998
268.966 273.103 -1.000
273.103 277.241 -0.996
277.241 281 379 -0 .987
281.379 285.51" -0.972
285.517 9.6557 -0.953
289.655 29:3,-79:3 -0.929
293.793 297.9.1 -0.900
297.931 302.069 -0.866
302.069 306.207 -0.828
306.207 310. :?45 -0.785
310.345 314.48:3 -0.738
314.483 318.621 -0.68:
318.621 322.759 -0.633
322.759 32.-8. -0•.576
326.897 o1 0:34 -0.515
331.034 335.17'2- -0.452
335.172 3..3'10 -0.38733.4318 "T 52 0.25
339.310 4. 448 -0.319.4-:,. 4 48 3 4 7. 5 ':-. -0 25

347.536 351 724 -0.180
351 .724 355 8'. 2 -0.108
355.:862 360. 000 -0.036

INTERVAL (DEGREES) AVERAGE 9:-' , INTER'AL'
FROM TO VALUE

0 . 1-I 3. 871 0.034
3.871 7.742 0.101
7. 742 11.613 0.163
11.61:3 15.484 0.234
15. 44" 19. :3 0.299
19.355 23.226 0.363
2:3. 226 27.097 0.425
27.097 30.96: 0.485
30.968 34.839 0.543
34.839 38.710 0.599
38.710 42.581 0.651
42. 5:3 1 46.452 0.701
46.452 5 0. 0.748
50.323 54.194 0.791
54. 194 58.065 0.830
58.065 61. 95 0.866
61.9:35 65. 80C 0.898
65.806 69.677 0.925
69.677 73. J 4,, 0.949
73.548 77.414- 0.963
77.419 81 I.2' 0.98:
81.290 "8 5,. 11 0.993
85 161 89. 0 3''  ....•s o .LI4.:. it.99':9
89.0:32 92.90:-3 1.n
92.90:3 96.774 0.996
96.774 100.645 0.988
100.645 104.516 0.976
104.516 108.38w 0.959
108.3'' 112.25:: 0.938 W4



1i12a58 116.129 f.912116i. 129 120.00OC 0.88,2

120.000 123.871 0.848
123.871 127.742 0.811
127.742 131.61_-: 0.770
131.613 135.484 0.725
135.484 139.355 0.676
139.355 143.2'. 0.625
143.226 147.097 0.571
147.097 150.968 0.514
150.968 154.839 0.455
154.839 158.710 0.394
158.710 162.581 0.331
162.581 166.452 0.267
166.452 170323 0.201
170.323 174.194 0.135
174.194 178.065 0.067
178.065 181.935 -0.000
181.935 185.806 -0.067
1.806 . -77 -0.135
189. 677 193. 54:. -0.201

196.74 201.645 -0.621

201.290 205.161 -0.394
205.161 209.032 -0. 455
.209. 0:32 212. 90:2; -0. 514

2 ,2.... 216. 774 -0.571
216.71220. 04 -0. 625
220.645 224.516 -0.676
224.516 '27.'D7 -0.725
247.77 232. 3_,-' -0.770
251'. 213 236. 129 -0.811
236.1:29 24 5.00 -08.4
240.000 23.822 -0.88
243.871 247. 0' -0.912
247.97 250.6:3. -. 008
251.613 27484 -0.959
255484 2'75 3.105 -0.993
25.355 262. ,-g -0.988
263.226 267.097 -0.996
267.457 270.323 -100
270.968 274.819 -0. 92
274.839 278.710 -0.993
278.710 232. 581 -0.983

1282.581 2864.5 -0.968
286.452 290.34- -0.949
290.323 294.194 -0.925294•.194 2'98. 065 -0. 898

298.065 301.290'5 -0.61
301.935 35.806 -0.830
305.806 309.6f77 -0.791
309.677 313. 548 -0.748
313.548 317.419 -0.701
317.419 321290 -0.651
321.290 325.I1"i -0.599•325. 161 3 29. 03:', -0.543

S329. 032 332•.90:-, -0. 485
332.903 336. -7.1 -0.425

_336.774 " 34" o45 -0.363
[i340. 645 34,-.516 -0.2994 344.516 348.387 -0.234

348.387 352.258 -0.168 D

.C-
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INTERVAL (DEGREES) AVERAGE '79. I[ IIi1ERVRLS
FROM TO VALUE

0.000 3.636 0.032
3.636 7.273 0.095
7.273 10.909 0.158
10.909 14.545 0.220
14.545 18.1&2 0.282
18.182 21.818 0.342
21.818 25.455 0.401

25.455 29.091 0.458
29.091 32.727 0.514

: 32.727 36.364 0.567

36.364 40.000 0,618
40.000 43.636 0.667!4:3. 636 4 7 . '2 .. ..3 0.713
47.273 50.27 0.756
50.909 54.54 0.796

54.545 58.182 0.83258.182 61.818 0.866
61.818 65.455 0.896

65.455 69.091 0.922

69.091 72.72 7 0.945
7 2.727 76364 0.964
76.364 "'.0.000 0.979

80.000 83.6R, 0.990
83.636 87.273 0.99?

8.273 90.99 1.000
90.909 94.545 0.999
94.545 98.182 0.994
98.182 101.813 0.935
101.818 105.455 0.972
105.455 109.091 0.955
109.091 112.727 0.934
112.727 116.364 0.909
116.'364 120.000 0.881
120.00c_ 12:3.63_ 0.
123.636 127. .- 0.814
127. 273 . 9 0.776
130.909 134.545 0.734
134.545 138. 182 0.690
138. 182 141. 81: 0 .64:3
141.818 145.455 0.593
145.455 149.091 0.541
149.091 152.727 0.486
152.727 156.364 0.430
156.364 160.000 0.372
160.000 162.63 0.312
163.6:36 167. 27 0.251
167.273 170.90' . .189
170.909 174.545 0.127
174.545 178.182 0.063
178.182 181.81:_: 0.000
181.818 185.455 -0.063
185.455 189.091 0.127
189.091 192. 727 -0. 189
192.727 .196.364 -0.251
196.364 .200.OOA -0.312
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20a.000 r _,6 .372
20,':- . 6:'-:,_ 2-: .. .7 -,z ... - 0
207. 9 0 q-. 486,

20.909 214-54 -0.541
214.545 2 • 12 -0.59:.
218 ".82 2 21 . ,-:: -0. 643
221.818 .. 4 . -. .6902 5 . 455 ' -4 - 0.7:34
23 2. 721 '' " . 4.
... .t...." ' . ...,">',"2 :3-,6. :3:6 4 -0.:',3,14
236.364 240.000 -0.850
240.000 243.:36 -0.881
24:3. 6:36 247. 27 -0.9,09
247.273 2 -0.934
25090 254. 545 -0.955." . '.'- 0 .9 - -'= . _ .

.4.545 5 4. '9: , -0.355
"5. . r 1 18
2- 4 .. 4 -0.994
2.4 .09 -0.9994

69 . 09 . 1 .0
- C. I' C I - 1 O. 9 '66

221 :-27 27S :-'- '- 5 4 - Cl. 99:4 14

..-. 45 9 - 99
2-2. -6 :3, -0. 990
-- ,. . .r 0-.

.",. b:36 " " -0. 964
7 09 -0.945

290 ' . o 1  294. 94._, - 0. 92"--"2974.54 .=,-- 0. 9

291. 1G2 3. 1 :-: -0. 866
301.8-18 C9 5 4 55 -0.::'32
.305.455 :'10'.091 -0. 796
:309.. 091 :312.727 -0. 756
312.727 31.3G4 -0.71:3
:316. 364 320. 000 -0., 667
:-20. 000 :,C.-: -0.618
•" . 6:36- :3, • .7- -0.567

. : ::0A0' -0.514
3 l.. 4 -0.458
43::: 4 1. 5-4_ -0.401

12 :3 nn-0:4
..41...1... 4 -0.232

.4 4 S., :-' 1..' -0.220
4. H-1 :277 -0.158

Ij. 38 45.I4_. -0.095
356 64t'..4 ,.... L- 00 -0.032

-0b 34 6.00 0 3
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ADVANCED MOTOR CONTROLLER

PHASE II REPORT

1. The Phase I study showed that it was possible to utilize an 8 bit micro-

processor (6800) to generate 3 phase sine wave output pulse width modulation

waveforms for variable frequency control, via a power bridge, of an induction

motor. Based on the theoretical work of Abbondanti ( @ Research and Development

Center) a preliminary look was taken at air gap flux synthesis for use as a feed-

back function for optimum motor control with load.

This Phase II study has taken the preliminary work a step further and has

developed a design for the pulse width modulation and for the feedback utilizing

separate processors for each function and connected via a parallel port.

The PWM generation utilizes volt second integral determination of each pulse

width and pulse by pulse modification of pulse width is possible in response to

voltage control requirements for a wide control bandwidth.

The feedback processor samples the input to the motor. Since power does not

fluctuate at the supply frequency, but is "invariant", asynchronous sampling of the

output is possible provided that in-phase and quadrature components of current and

voltage are sampled simultaneously. The derived reactive power components are

calculated and a digitally smoothed error signal is passed to the PWH processor.

The error signal is used to scale the NM processor output voltage and also as an

indication of overload. Overload causes a controlled ramp down in frequency until

load is reduced or the off condition is reached.

Reversing is implemented as a ramp down to zero speed followed by a ramp up

in reverse rotation to the set speed.

Controls can be analog or digital, via potentiometers and switches or a serial

port. A terminal can be connected to the serial port for control and diagnostic

purposes using a built in software monitor routine.

t2



2. Theoretical Basis for Control Circuit Design Approach

The Phase I report descriaed in detail basic modulation generation techniques

and also the basic calculations leading to the Air Gap Flux synthesis approach to

be employed here.

The following pages serve to consolidate these facts and summarize the basis for

the control circuit design.

The control circuits assume that a three phase bridge is to be driven to

*produce variable frequency three phase waveforms with a sinewave fundamental

component as shown in Figure2. I The three phase waveforms repeat every 60 degrees

provided allowance is made for interchange of the dominant and complementary roles

of the line to line voltages. Within a 60 degree period the waveforms are symetrical

about the centerpoint provided allowance is made for interchange of the role of the

two complementary waveforms. Thus by organized use of symmetry properties the Pulse

Width Modulation waveforms can be generated economically.

The number of pulses per 60 interval are chosen to be odd to ease symmetry

requirements. A minimum of 3 pulse periods per 600 interval is defined at max

frequency (60 Hz) hence approximate frequency at "carrier".

fc = 3 x 6 x 60 = 1080 Hz for 926ps per pulse period maximum. It should be noted

that the power switches make only one transition each during a pulse period, thus their

effective switching frequency is one half the carrier frequency or 540 Hz approximatel

the actual number varies as the output frequency and number of pulses per 600 interval

is varied.

Figure 2.2 illustrates both the volt second integral approach to pulse width

determination and also the basic pulsewtdths associated with a single pulse period

of the several that would be present in one 60 degree interval.

Figure 2.3extends this to the time relationship actually used in the micro-

processor software. The numbers stored in memory for each frequency reflect the

fact that the pulses are multiplied in amplitude by B+ when they are converted to

the output waveform in the pdwer stage. The scale factor (SF) likewise takes into

account the variation in B+ compared with the assumo.d nominal value used to derive

the stored data. Hence the multiplication factor A value for B+ is

acquired via an A/D converter as an input to the PW microprocessor software.

More specifically and in the terms used in the software the values calculated

for the pulse widths are as follows.

I2
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Where N is number of pulse periods per 600 interval at the output frequency

of interest F and N is the Nth pulse in the interval. The second complementary

pulse widths are antisymmetrical with PWCOK and are not generated separately.

vo -tas wie e s Cetp-Wo-)/2e

ftew~b-tta 1ee Ot TZ= T?-PWcm rio

T I--.\
If VBC is dominant in the 60 period of interest then the pole centerpoint

voltages with respect to B- are

~48 T.(1%'C*I, 4-T3 - &-a &*.)

There are two power switches in each pole, an upper and a lower. The base

drive waveforms for upper switches (neglecting shoot through protection, etc.) have

the same form as V B' VA" VC. The drive for the lover switches the inverse of VB.

VA VC.-
The output line to line voltages are the physical combination of the pole

voltages across the motor windings

VBC = VB - VC

VA VA - V

VC. VC - VA

a..



E

The PM processor implements the control strategy of Fig. 2.4. A nominal

V/F - constant curve is chosen such that the c.rrent in the unloaded motor is a

minimum at each frequency. This corresponds to optimum excitation at that load at

that frequency. In respoise to load change as sensed by the feedback processor,

- the voltage is increased to maintain the excitation at the optimum level although

the load is changing. Demand for excessive voltage as sensed by monitoring the

- - level of an error signal causes the controller to attempt to shed load by reducing

S frequency. If load r e d uces bringing the error signal within bounds the controller

stops at the new frequency and will return to higher frequency if the load transient

is removed. Alternatively it will continue on down to zero frequency - off - if the

overload condition persists. Hysteresis incorporated into the level detection provides

for stable operation in this mode.

[7 7
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3.0 Control System Design

3.1 Hardware

Design of the advanced motor controller was split into two basic sections:

PWM Processor and Feedback Processor. An available laboratory power bridge was

married with the processors. Figure 3.1 shows how each of these sections relates

to the others. The power stage was employed in order to make operation with a test
motor possible. The two processors are constructed on five wire-rap boards, three

* - being dedicated to the FWM processor, one to the feedback processor, and one to data

acquisition and driver output functions.

Figure 3.2 and 3.3 show the construction of the NM processor in block form.

Analog speed coanand (terminal control optional) and battery B+ voltage is digitized

and combined with feedback error information from the feedback processor to modify

the output voltage scaling generated by the basic three phase sine wave algorithm. A

monitor program to provide a terminal interface for optional keyboard control resides

in PRG( as well as the PFM routines. Figure 3.4 is a memory map showing locations

in the 1WH processor.

The configuration of the feedback processor is shown in Figure 3.5. The assoc-

iated memory map appears in Figure 3.6. The feedback processor accepts the digitized

form of the D-Q variables generated by the sensing and low pass filter circuits and

computes the motor air gap flux using motor parameters stored in PROM. The calcu-

lated air gap flux is compared to a reference and the subsequent difference is

digitally filtered and passed to the NM processor through the V* (feedback error)

latch.

Figure 3.7 is a hardware block diagram, showing the individual wire-wrap cards,

their interconnections, and the System 1/0. Appendix A contains schematics of the

five cards and their interconnections.

3.2 Software

Figures 3.9 through 3.11 contain details of the NH processor software. Figure

3.12 shows the feedback processor algorithm. Appendix B contains printouts of the

system software.

The main control loop shown in Figure 3.9 first initializes all pointers,

RAM, and flags. Next flags are set according to motor, power input, and command

*conditions. If no protection flags are set, the program ramps the output frequency

up to the commanded frequency. Overload, B+, and reversing flags are checked each time

through the loop. The Pm interrupt routine generates the dominant and complementary

" I r: . . ..99



times from frequency table information stored in PRC. The condition of the

direction flag determines the order of output times and thus the output phase

sequence. Prior to the time computations in the PTK interrupt routine, the input

B+ voltage is read and the scale factor adjusted to keep the output independent

of B+ variations. The quotient B+ ref/B+ is stored in a table in PRn for values

from below B+ min to above B+ max. The feedback error, V*, is read during the

beginning of each 600 output segment and is used to adjust the scale factor. During

operation with a keyboard terminal, the monitor routine shown in Figure 3.11 is employe(

The feedback microprocessor routine containing the flux computation and filtering

algorithms is shown in Figure 3.12. The D-Q variables are digitized by four A/D

converters after being generated as analog signals.

The air gap flux is then computed utilizing motor parameters stored as Kl in

FROK. The calculated flux, Wx, is compared to the reference. Both K1 and reference

R* are stored in PRCM indexed to frequency. Thus, before calculating the flux and

the error, the processor reads a word containing the output frequency from the PN

processor.

10 J
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SIZE ADDRESS FUNCTrIUN

2 BYTES FFFE, FFFF RESET VECTOR
FFFD MONITOR GLOBALS

1024 X 8 RAM MCL GLOBALS

FCO0

10241X 8 RAM FBO0 MONITOR GLOBALS
F800
F7FF

2048 X 8 PROM PMON9

FOOO
EFFF

2048 X8 PROM FREQUENCY TABLES

E800

E7FF

2048 X 8 PROM P'IS

EO00

DFFF

2048 x 8 PROM MCL
FIG.3.4- D800

FIG. D7FF

1024 X 8 RAM MONITOR GLOBALS
HARINARE MEMORY MAP D40
PWM PROCESSOR J

NOT
USED

7000

4096 x 8 ACLA 6FFF ACIA ADDRESSING

6000

4096 X 8 PIA 5FFF PIA ADDRESSING

5000

4096 x 8 PT L 4FFF PTHI11 ADDRESSING
4000

4096 x 8 FT1M2 3FFF PTM2 ADDRESSING
3000

4096 X 8 MULTIPLIER 2FFF MULTIPLIER ADDRESSING
'W' LATC1H 2000 FREQUENCY INI:OIRMATIUN AIDUIESSABI4X LATCH

1FFF

4096 X 8 NOT USED 1000
1 000
OFFF

4096 X 8 NOT USED 0400
0400

1024 X 8 RAM 03FF MCL GLOBALS

0000 & TEMPORARY STORAGE
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ADDRESS FUNCION

SIZE ( FFFF

2048 x 8 PROM F800 PROM ADDRESS ING

F7FF (MP9T2)

FOOD
EFFF

NOT USED

EOOODFFF

PIA ) PLA ADDRESSING

DODO
CFFF

V*LATCH
(LS BYTE) COOO V* - FEEDBACK ERROR

V* LATC1 BFFF ADDRESSING

(MS BYTE) BOOFIG. 3,( - AFF

HARDWARE MEMORY MAP NOT USED AO00O

FEEDBACK PROCESSOR 9FFF

NOT USED 9

9000
EQUIVALENT 8FFF
TO RAM
ADDRESS SPACE 8000

EQUIVALENT 7FFF
TO PROM
ADDRESS
SPACE 7000

6FFF

NOT USED

6000

EQUIVALENT TO 
5FFF

PIA ADDRESS
SPACE 5000

4FF

EQUIVALENT 
TO

V*LATCII (LS)
ADDRESS SPACE 4000

EQUIVALENT TO 
3FFF

'V* LATCH (M4S)

ADDRESS SPACE 3000
2FFF

NOT USED

2000
IFFF

NOT USED

1000

OFFF HAN AIII)(USS ING
TLHIORAIY S roNM:.

1024 X 6 [
H

,  
0000 J o

~If,
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PIA PORTS
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4.0 Test Measurements

4.1 Flux and Control Loops

To establish an efficient operating curve, the motor was excited at frequencies

from six to sixty hertz while varying the excitation voltage and observing the input

current. A plot of the points of voltage required for minimum current was then

made against frequency. As expected, this curve was a straight line (v/f = constant).

The table used by the PWM processor to determine the open-loop operating point was

generated using the linear v/f information.

The system operated properly under open loop conditions, responding to speed

and amplitude commands from the keyboard.

Next, phase voltages and currents were sensed and the D-Q variables successfully

generated, converted, and used in the flux calculation. Figure 4.2D shows the direct

(bottom) and quadrature (top) currents as they exist at the analog input to their

A/D converters. The D-Q voltage waveforms are similar. As desired, the amplitudes

of the two components were the same and their phase differed by 90 degrees. 0, the

angle between VD and ID was seen to vary with the load from 20 to 62 degrees. This

range of phase angle is due to the choice of an operating point near minimum excitation

current. Figure 4.1 schematically shows how the D-Q variables are generated in the

system.

Four dedicated A/D converters digitize the analog D-Q variables. The A/D

converters are sampled at a high rate compared to the output frequency, so their

values may be considered as being taken simultaneously for purposes of the flux

calculations.

An estimate of parameters of the test motor was made and simultation using an

H.P. 9830 computer was performed to confirm that the parameters chosen would yield

values of current and flux in keeping with the test motor size. These parameters were

then used in the generation of the various tables required for flux calculation.

Operation in the open-loop mode yielded values of calculated flux consistent

with the simulation. Table 4.1 below gives a set of measurements and calculations

performed by the sense circuits and the feedback processor. A Hewlett-Packard 9611

was used to monitor operation of the microprocessor.

In closed loop operation, the calculated value of air gap flux, Wx, is subtracted

from a fixed reference value, R*, and the resulting error signal is digitally filtered

and transmitted to the PWM processor. The filter is used to smooth the result of the

Wx calculation and to provide a controlled pole in the loop response of the system. The

filtered error signal is used by the PWM processor to modify the output amplitude so as

to reduce the error and keep the calculated value of Wx constant. In open loop operation,

Wx values were observed by setting the reference, R*, to zero and observing the smoothed

error.
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Since the measurements of Wx were in accord with expectations, a reference level

close to the value of Wx at no load was inserted (instead of zero) and an attempt

at closed loop operation was made. The motor/controller system was successfully

exercised in the closed loop mode. Under control of flux loop calculations made by

the feedback processor, the controller increased the output voltage amplitude to

compensate for losses when the motor was loaded and decreased the output when the

load was reduced, keeping the calculated value of flux constant. The "feel" of

loading the motor by hand was dramatically stiffer in this mode. Stepping up to and

down from the selected frequency under closed loop conditions also functioned properly.

4.2 Spectrum of PWM Output Motor Load

A Federal Scientific model UA-500 (ubiquitious) spectrum analyzer was used to

examine the voltage and current frequency spectrum of the motor controller power stage

output while driving the three phase test motor. Figures 4.3 through 4.5 are photo-

graphs of the output waveforms and spectra, taken under various conditions.

Notice that the amplitudes of the unwanted frequencies in the current spectrum

stay constant as the fundamental rises with increased load. Observe also that very

little unwtnted output energy is evident below I KHz under any operating circumstance.

The ratio of the amplitude of output current at the fundamental frequency to that of

the next highest component, about 1.3 KHz, with the motor loaded to one-fifth horsepower

is in excess of 33db.

Figures 4.2 through 4.5 also show output voltages and currents at various output

frequencies. The current ripple stays approximately constant in amplitude over the

output frequency range due to the inverse relation between the PWM carrier frequency

and the output frequency. Comparison of the unloaded currents with the corresponding

loaded output currents, as in figures 4.4B and D and 4.5A and C, shows that the current

ripple remains constant as the output current increases. This phenomenon is responsible

for the spectral purity observed in the loaded output current photographs.

4.3 Reversing

A routine to step down to zero speed and reverse the output direction in response

to the setting of a direction flag from the keyboard has been incorporated into the

software and successfully tested. It remains to make some minor modifications to the

flux loop D-Q inputs to properly calculate the Wx value in the reverse mode. This

modification, as well as the reading of speed and direction inputs from an analog

source (potentiometer), will be accomplished next.
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4.4 Overload Protection

The software needed to sense overload at a preset level above the chosen

operating point, to ramp down to an acceptable levelj and to ramp back up when the

overload is relieved has been incorporated in the control program.

This feature will not be tested until the proposed Phase III of the program

when the power stage is added and a total drive system tested.
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5. Conclusions & Recomnendations

The Phase II development of the control circuits implement the theoretical

requirements of the modulation and feedback mechanisms and provide a practical

control circuits for a three phase motor drive. The feedback control produces

efficient off-load operation as evidenced by the wide voltage swing between no

load and full load on the small test motor. The feedback processor would appear

to offer a means of sensing and control of both variable frequency, variable voltage

AC drives and fixed frequency variable voltage drives (e.g. phase control of fan motors).

Performance to date has been very satisfactory and development of a full power

system is recommended. Use of newer 16 bit microprocessors could permit extension

of the control circuits to 400 Hz operation. Development of 400 Hz control and power

stages is also reco mended.
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* N 1 1 6800 FRC'1- rc ' O~CHD MIN IT cR F'IE 0001

HSN 1 . I1

SEQ LOG CiBJ SuURCE

0001 NH*1 PRFO BOARD MOicNI TOR
k0 00 2 PiMON4

0004
005uclo LSYME: I

oou0 euu 6000 H~L EULI! $16-00 ;HCA CONTROL REGISTER
000i -W01 lAID ECLI $6001 .. CIA DAfA REG

0uu kiU 0M00 CIHS Ei;Ui $6000 jA'ZIA STATUS REQ
0009 0020 BLHNK EQU $20 BLANK CHAR
00 1.71OOO Ck EQU $0D ; CARRIAGE RET CHAR
011 001E: E:DC EUU $18 ; ABOR F CHAP.
0012:* 0004 EUT EG!'U $04 jEND OF MSQ3 rci BE PR INTED

0c ._%FFFF LHST EQLI $FFFF jHIGHEST RI-M1 ADDRESS
0014 0 0 0A LF EQLI $ 0A -LINE FEED
0015 007F RUBOLIf EQU $7F RUBOUT CHAR
001.6
0017 *GLOE:HL REF
00110-1' THESE LOCALS ARE NOT PROTECTED IF USER
0019 +~WRITES TO THEM IN USING MONITOR

00-21 kL''51 MONFG E -LI $51 jMONITOR CONNECTED FLAQ'(=l.:
0 022 0 E6 NURFQ3 ECQ*U $E6 ;NORMAL OP FLAG =iliON, CONNECT

*002. C0uWEVSF L G E '-!U $E7c sVSTAR TEST FLAG=lt'JJSE MONITOR)
0 02*-4 * EX'-"TERNALS FOR RSRSR AND PROM BURNER (~NOT IMPLE. '

0 C 2'1 £EF M*ONENT.. GETRNG.. NX .TADR.- P:..:ISTS., RNGERR.- PBADR
0027 *+* EEF PCRLF.. '.jiC H.. P,'PHC.E SETMEM.. ABOR F
0 02 DEF PROMAD.. ADR.. ADDL.. HODH.. COLUNT, PIONITR
0LI.1z4 DEF RSRSR.. BURN,. MOCVE., READ.. VFY.. PI1NI T

00..1 R'R-.DR ROUI INE DEFINITIONS

00

00:4 *4

o00 8 F F'? Ui-.:'i $HF FE-1:10 j~ *** CHANGE IF RAM LUSAGE CHAN
oi-9FF:;0 BASE, EJU BASE ADDR USED WITH INDEX.: OPS

0040 FFSF SOS EOU .. BOTTOM OF MONITOR STACK
0041
0042 FF90 BUF RMB 72 .. LINE OF TTY INPUT

*0041
0044 FFD8 PROMAD EQI A, ADDRESS IN PROM
0045 FFD8 'JIFSE;T RMS 2 OFFSET FOR LOADERe/PUNCH
0 0 4~ FFDAi HDR RME. ;.PARAM. ENTERED BY USER
00U4~ FFDL. HUDL RtHE.
0048 FFL*E HDDH RMS
004 0 FFEu BUFP FR kilke I. IN I ER ro LAST CHAR SCANNED
0050~ FFE2 RECs FYP RME I rAPE RECOIRD TYPE
UUzi FF'E-: CUUN rFe rME: 1 COLIN r F I ELD FROM TAPE
W 0 5 e'_ FFE4 CKSMi RMB1 I CALC ULA TED CKSM
005. FFE~j 'sMYE'zFP hlME .c r'EP STORAGE FOR S REG
UU54 FFEF SHVEX., RMS 2 TEMP STORAGE FOR X REQ
0005 FF'E9 ELHO RMB I 1=EC-.Ho rTY.. O=NO ECHO



MM! ct5UOPROr Fi'i 6ORL.s MOUNITOR P~cuE 0002

ASH V1.1I

SEQ LOG USJ SOURCE

O05e6 EH f GUUN4 I ki I FEMP LOC FOR COUN- r
0057 *j USER REU I SERS
0058 FFEB CREG RMB £
0059 FF20 BREG RMlE I
0 060k- FEED MREG ±N
&061 PFEE XREU kRt
u0062 FFOU pR.Eu kli
OO6's FFF2 SREG klIb
0064
006.5 FF-F4 05W! kRt 2 j. USER SW! VECTOR KNOr IMPLE.)

O Fbb f-6 HClA! RUE:, 2 INDIRECT POINTER [0 HCIA FOR RE'. S:R
0067 FEES IRQVEG RUB 2;INTERRLUPT REQUEST VECTOR
0068- FFMH SWIVEG (<MB ;SO~FTWARE INTERRUPT VECTOR
0069 PFFCt NM!VEC RUB 2 .;NON-HASKABLE INTERRUPT VECTOR
0070

0 0 f r2, MONI TOR ENTRY VECTOR **

0073
0074 *RESTARI INTERRUPT HANDLER
0075 *INrERRUPr BREAK HANDLER
0 076'3
0077
007(8 F pu O RU $F- uuu
00.-9 * RESET VECTuR EW(RY POINT
0080 * JUMP IMMEDIHTfELY TO IN! TIAL SEL@-UENCE
0081 (-000 YE F5II: J MF PWR I 1 JUMP FO PWR ON IN IT SEQI
0082*
00& : F018 Ue $FU1
0084 F018 START ALI *+ jRESET INTERRUPr HANDLER* I 0065 F-016 2L, 05 8M 'STARTIl
0086- F1IH BREHK EQU $ bREAK ON INTERRUPT ROUTINE
0087 FOIM FE FUuF SU.P BREMi. 'l
0088 FG±L* 60 u0 AGIHHI FOB AGIML .;POINTER TO ACIA

* 0089
0090 FP-1F SIMHRU.l E&'-U
0091 FUllF~ PSH H SAVE AREG IF STACK EX ISTS
0092 F U0/ Of 'PA ; SMVE CONDITION CODES
0091-- F021 B7' FFEB ETA A GREG
0094 F024 Z~PUL H
0095 Fwj25 BY( Fl-ED STA Ai AREG jSAVE CURRENT VALUE OF REGS
009b FW28 FfT (-FEC ETA B BREL,
w097 F028 FE FEEE STX X-NREG ; SAVE X
0098 F02E BF FFF STS SREG .. SAVE SP
0099 FOZI SE FFSF LDS #SOS ; INIT. SREG TO MON. STPCK
0100 F034 CE FOIA LOX #SREMK BSREAKPUINT ROUTINE
0101 FOSTF PP FFO STX NM IVEt. STORE IN INTERRUPT VECTORS

*0102 FUSMH FF FEES STX IRQVEC.
010-3 FUzb; GE± FOE9: LUDX #W
01u4 FUJ4t Fl- FFF4 SI 7X 05W!
0105 F043 UL F0t)6 LDX #SWIHAN ;SOFTWARE IN4TERRUPT HANDLER -

0100' F046 FE FFAH S TX SW I VEC
01W07 F@49 Ct. Full LLbe' #HCIAH SET Up ACIA PTR
OluS F04C PP FF%6 S T.1- HCIA!
91u9 F04F 86 us LON H #1 IRESET AiCIA
011u F051 BY( 6000 STH H AGIAC



Mlo6L PFRUt -UHNL UHO PAGE C00fl
AHVi. i

SEW LUG 063 SO0URCE

0112 .4'-CIA SET-UP .- KIG.7 BITS4-ODD PARITY4-± STOP BIT
ulil
0114 F054 8. Ut? LDA H #$OD iSET AdIA CNTRL REQ
0±15 FO5b BF 6OU' S5THt H- HCIt-C
G0116+ PR INT OR..LF-. X& RETURN TO MON ITOR

0i18 Fu5 f4mut-EN F EU-.U :4

o0±194 I0 59 MUNENi EULI -+-
I 0± *2 0 F053 BU F45i4 JS1i. R1IN41T
0±1"2±1 FU5C ED JISR F'Uk-:.LF

0123 * MONI TOR ENTRY POINT

0±25 .

01.26 FO5F MUNI IYR FLUU :

012c' F05F SE FF;:F' LL.'-. #E60 INI T MON. STACK
F±2 FUtiv ED Fs B-' Rsp KRL:RUFI-

0Ui:29- Fuwt.5 bt b r.ul LDN H HL. IHD DUMP FTYr INPUT DATA
ul1_3 FUEt.=- St. SE- Liii H #t P.FRU-MP r USER
uid:* FutM BE' F2LFB JSP-- OU FCH

Li S :4. REH- FlTV LINE kBEUFPTR.)
0 1 4 + STORE TTY I NPUT I N BUF UNT IL CF.: IS HIT

0±31 FO6D' CE F F'--4' L0. iBUF I IN IT IAHL IE E:UFP TR
01--.'f FO070 FF FFECI SX T E:UFPTR
01±-:8 FOt3 0UD S Eu .ET* EC-HO FLH13
0 13 F~ie4 79~ F FE : R'L EC-HO

-0±40 *:BEUaI N UN [IL LUUP
0141 F0-7 S--C FFL ' RFiO L'. P: 4tBUF*+. r TEST FUR E:UF OV-.ERFLOW
Ui42 FO irM 26 b02 ENE RT 20 ;NU OVERFLOW
0i4:3 F07C 20 4t cPM MSH OR 1
uJ144 Fu/ e-ESD F4iE kPI12u iS Wi-s4illT Y .; READ NE'XT CHAR
0i145 F081 MH c'U0 Ri 11.u SIN H 0.. X . INSERT CHAR INTO 6*F
0i46. F08.s 08 I NX
0147 *:H WILL CUNDIT I ON
0146 F08s4 81W 'o P190 L11P H #L:R .CARRIAGE RETURN?
014:4 F086 2b EF ENE RTIlu NO.. CONTINE LOOP
0150 :4ENL' OF LUOP

0: 52 *l DECuDE ONE CHrIR COMMAND
01. L 4 LUI'PARE CHAR WI TH TABLE OF VALID iL"HRS FOLLOWED BY
0154 4 HDDPESSES OF APPROPRIATE ROUTINES
0155 .

0±1!J6b F~ DBE FSMS-T i S P XIS 1 S ,GET :1ST L:HHPR
01!57 FUSS 06 INX ,INC BLIFPTR-'
Olsa F0SO FF* FFEL, SIX BUFP TFF'
0159 FubI- CE FrUH4 LOX #L- 1 HBLE j START OIF Vt-iLE
kjot HESUIN LUUP
01le.1 F 0'4 M I. Ut) ULUP CMIP A 0""A . COMPARE
0 1t Fw94 2ib: 04 ENE DL-IU

:4Fo'UND C.HAR. 13ET DRS IMMEDIATELY FOLLOW4INGJ CHAR.
0164 FG96 EE 01 LDX :1..
0165 FG9O 6E G0 iMlP Ell X ;GO TO PROPER ROUTINE



MI 6600 PROTO BOARD MONITOR PAGE 0004
As'I Vi. I

SEQ LOC OBJ SOURCE

0166 * NO COMPARE. MOVE TO NE:-;T CHAR.
0167 FO9 08 DLIO INX
0168 F05B 08 INX
0169 F09C 08 INX
0170 FF9 SC F C CP... #CTEN[ . END OF TABLE?
0171 FORO 26 FO BNE DLOOP ;NO, REPEAT
0172 END LOOP
0173 FOR2 20 21 BRA AE:ORT NOT IN TABLE
0174
0175 FOSF MONEND E.tU MONITR
0176 .
01?? 4 L:TRLE. TABLE OF VALID I CHARACTER C:OMMAtND..
0178 * EACH ENTRY CONSISTS OF . BYTES. BYTE 1
0179 CONTAINS THE ASCI I CHAR. BYTES 2.- 3 CONTAIN THE
0180 4 ADDRESS OF THE APPROPRIATE ROUTINE
0181 *
0182 FOA4 CTABLE EQU *
0183 FOR4 4C F-B "L
0184 FOR5 Fl CB FDB LORD
0185 FOA- 4 " FOB '
0186 FOA; Fl 7 F[:.B GO
018? FOAc R 50 FCE: P
01 -8 FOAE F-: 26 FC-E. PUNCH
0189 FORD 42 FCB .B 6
0190 F0RE Fl CI FL.,E: PREGS
0191 F-i;O 4D, FCB ti
01'.2 F-b- Fb H': FOB D O''E
019. F 0 E, J F:E /
0194 F-e4 P 4 D, F DE 'FY'
0115 FO 4-- FL:L i
Ol b FUC. F4 EO F1,B READ
01"4V F0-9 5 FOB
0198 F0BH F4 ul FDB SM
01-99 FOE;L: 44 FCE [>
0200 FOBD Fl 4E FDB OP
0201 FOE;F 5:-- FCB R
0202 FO u Fl 06 FDB 'FEI-
020- FOG;-' 45 FCB E
0204 FOC. Fl '5 FDB EOF
0205 FOC5 G I ENL, LOU +
0206
0210 * 60 R T
0 08 4

0209 FW35 HBok r EOU
S01 u FUi BHMLINP EU 4

0211 FOC'0 CE F 21 L.;,OX #m'lUES P PRINf ?-

.J21 Fei *JNT MSU' HND RET URN TO MONITOR
0214 :4

0215 F0 Ci riSGIMON EQU ,,
0216 FO _-MSGBr EQU -

J21F FOC- ,E FF.F LD.S #60U. S = BOTTOM OF STACK
021.8 FOCB 3F sWI
0219 'OCC 12 FC:B 1E3 P1'G
0220 FOCD 20 e. E .R.H MONENI.

"
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r M ,'. bHr'.:L, MONf'lrF PHGE 0005

ASH V1. 1

SEQ LOC OBJ -OURL:E

42 .i HHNDLER
:: LEIERHINE WHETHER SWI IS MONITOR CALL, RSRSR CALL,

0224 *+; 'JiR USER -.WI .NUTIMPLE..)
0225 ..

02;:6 Ft'&F E;REHKI E'2U * $ BREFiKPOINT ENTRY
0227 FOCF 01 NOP ;REPLHCES JSR PINIT
0228 FODO 01 NOP .R EPLACES JSR P I N I T
0229 FODI 0± NOP . REPLHCES JSR PINIT
0230 F002 8- :- LDA A 412$ PRETEND TO BE SWI 1,2$
0231 FOD4 20 IH BRA SWI40 .; SAVE REGS

El02_ FUD6 SW . HHN EQU -4.
0234 4 FIND INDEX BYTE (BYTE AFTER SWI THAT GOT US HERE
0-2.35 FOD6 30 TS.
0236 FOD,." EE 05 LD. 5.. ,= RET FIDDR
0237 FUD9 Ht. -u LDH Hi A , =H INDEX EYTE
0238 FOC,8 2B OC BMl'I SWI 1 BREAKFOINT'
02Z9 * ±F USER HAS FIDDITIONAL <5.:*: R ADDP OF 1ST+2 MUST EE DFF4
0240 FOD 8:0 18 SUE: H 424 SRSR. C A LL?
0241 FODF 2A uS: E:PL SWI .; NO --
0242 FOEW 7E F5BE JMP RSRS R

021.44 .. USER SWI
0 -- . _, .+.

02 4c. FE4 FE FFF4 5W .120 LD-, U SWI
04:' Ft.:lE? oE WO MP 0... GO DO IT

0249 .+. MI NITOP L:HLL. COPY F.EGS FROM STAC..

0 51 FE'9 -L SW,30 sI:T..' . IN.I:REMENT RET ADE:,R
0C'2 FOEA 6C u6 INC 6, e,
0253 FeEC 26 02 BNE SW140
0254 FOEE bC 05 INC 51.
0255 FOFO CE FFEB SW 140 LL:.' #CREG ; [:EST. FOR 1ST REG
l25 C5. BEGIN LOOP

0257 FOF3 3- SWi5O PUL B ,; GET REG
0258 FOF4 E7 uO STA B 0., ': . COPY
0259 FOF6 08 IN'X j MOVE TO NEXT REG
0260 FOF? SC FFF2 CPX #CREG+ 7 .; END OF LOOP'?
026±1 FOFA 26 F7 BNE SW 15-
0262 :4. END LOOP
0263 .
0264 .S S NOW CONTAINS ITS. VALUE BEFORE SWI
0265 :4: WAS E,.'ECUTED. SAVE IT
0266 .-

0267 FOFC: FIF 00 STS ul..
0266 .

-J269 +- A STILL CONTAINS SWI INDEX. TEST IT
02 f'0 +:

0271 FOFE .... '1 CMP A #129
0272 F106 2o t4 BNE PREL3S .. NOT 129 BREAK
027-: F1l02 8D 07 BSR PRI .. 1.29 : 'SNAPSHOT
0274 F104 2k' IE BRA RESTAFK*. AND, RETURN TO USER PROGRAM
0 2 75 4

S.
- 1l"" -
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AIiI ,800 PF:OTO BAFR:D MONITOR PAGE 0006

ASti V1. I

SEQ LUC OJ SOURCE

0 2 76 PREGS PRINT USER REGISTERS
02,7 
0278 F106 PREGS EQU
0279 F106 3) U_< BSR PRI
028I FI0 I"E F"OF .MP MONEND
0281 FI.OB F'RI EU, SUBR TO PRINT REGISTERS

0282 FlOE CE FFEE LDX #CREG X POINTS TO-I ST BYTE OF AREA
08: *PRINT 3 I-BYTE REGS

0284 FlOE it6 0 . LDA B #3: ., SET LIP COUNT

02 6 FilC, 'F F'RIO SWI
0' .,, FI1 OF FCE: 15 ., P2HE::
0288 F112 ED: F39-E JSR FSP3A:E
0289 Fi5 5A DEC B
0290 F116 .2E F'S BGT PR1O
- .,u-' i *

0l.2 - PRINT 3 2-BYTE REGS
0- 3 F.16 C . LD H 443 SET IUP COIUNT
02.U 34 ..

0295 FIIA BD F_75A PR20 .SP P H4HE:S
0296 FII -H DEC B
0297 FIlE 2E FR Ei1T P.2u
029: .+*

0295 F12 BE', F _-:32 2 J,F: F"A.:LF .. PRINT CR 8. LF
0200 F123 l5 RTS
0301
03.02 4:

0-0 . * RESTORE USER S-TATUS AND RETURN FROM MONITOR
0304 .4:

0- Fi24 BE FFF2 RESTAK L'S S-.EG . TOP OF USER STACK
0107 FI2T CE FFFI L[:,4 #CREG+*; , USER REGS.
0o08 :+: BEGIN LOOP
0309 Fi2H t' Ai6o- RUSi-I LD H 0.- .A GET USER REG
0310 Fii -: t; PH H .- PUSH INTO USER STACK
0311 FI2['D 09 CEe':X .. MOVE TO NEX:'::T REG
0-12 FI2E 08 C FFER CP':X #CREG-1 .; LAST REG ?
0313 F131 26 FT BNE R.UI . NO, CONTINUE LOOP
0314 * END OF LOOP
0315 F133 S B RI I . RETLiRN TO USER PROG
0316
0317 * COMMANDS AND SIJBROIUTINES
0318 *
0319
02:320 * CHECIKSUM ( C :S['I,
0321 , VHLWHI.E :k1St
022" 4

0F2 F.4 LiHEKSM EQLIl :
0324 F134 Be. FFE4 LLH H C-4,541 Sti',,E tALC. CI'::.SM
0325 FI : ;H DI -

0326 F.36 BED F2C . ;SR NEXT2D[ A = NE'T BYTE FROM TAPE 1
0.27 FiB : IIPUL E:
0328 FIC.-" S CON B0, B.= C'LC. CF:S'
032. FlID 11 CE . = TAPE Cf...SM?
03310 FIZE E 01 BNE CSi . NO.

4.



* I*II r;3O PROO BOARD MONITOR. PAGE 0007

ASH Vi. £

SEQ LOC OBJ SOURCE

03551 F140 5 R S

035 F141 S: 05. rSX = ODDR OF CALC:. CKSM
0334 F142 09 DEX
0335 F143 -:F SWI
0:3 6 FI-4-4 OF FOB 15 P2HE.'
0337 F145 ED F73E .ISR PSPACE
0336S F148 CE F296 LD:X #MCSER .7 ,RINT "Cb SM ERR"
0339 Fl4I.- 7'E FOG6 J P M1SGABT
03:40

0- 41 . UH Fi[:,:,L, HL:H COMMAND:,
04 *
0 4 Fi4E UNM EQU *

0344 FI4E 8D 35 BSR GET RNG ;GET AE:'R RANGE FROM BUF
0345 RETURNS ADDL, ADDH+I
03 4t .*- BEGIN OUTER LOOP
0347 Fl50 CE FFDC D1 0- LC',, #HDDL
O,:48 F1.53 D F:9H iS. P4HEXS .-' PRINT HEM.<, SPACE., INC X
0345 +: BEGIN INNER LOOP
0350 Flti56 FE FFDC DM20 LD'X FDDL
051 F.153 iF SNi

52 F-5A OF FC 15 .6 P2HE
035r F158 ED FZS9E JSR PSPACE

0 -4 F5E FF FFC ST--..; ADL
0355 FIr.I BC FFDE CP..'.: ADDH .. ADDL=ADDH+l. END RNGE
033 a5 Flr14 27 0C BEQ DO50 .E,::IT OUTER LOOP
0-.,5 F166 B6 FDD L, A A ADDL+1 .LS -"S OF AD[L =0, END LINE
Ou.7SV7 FI61 84 OF AND A f$F

t_ Fi6 26 E9 ENE D4M20 N .OT END OF LIN. CON.TINUE
07'r- * END OF INNER LOOP
0:6 F[I, EDD F-:22 JSR PCRLF .. PRINT CR.. LF
062 Fl70 ,. 0 DE BRA DM10 .. E',X<IT INNER LOOP
0 3.3: END OF OUTER LOOP

0364 Fl12 7E F059 D1M50 ;IP MONENi .; CR LF, BACK TO MONITOR

0 36 * PUNCH END OF FILE ANF 60 NULLS
0367 +
0368 F175 CE F2A8 EOF LDX #MPEOF . PUNCH EOF RECORD
0369 FI78 3F SWI
0370 F179 12 FOB: 18: PMSG
0371
03.72 +: PUNCH 60 NULLS
0373 :+.

U374 FITA C6 S-B NULLS LD:A B #59 $ LOAD COUNT
02i75 4 E'A3N LuOP0 3 76 51.+ OO

0Z, a77 Ft7C 4F NULLI CLRA LOAD NULL
03:. F17D UD F2FS JSR 0-UTCH ; PRINT I NULL
0179 F180 5A DEC E .. DECR LOOP CNT
0: 0 FlI '1 26 F9 BNE NULLI .; DONE -
OS 1-. .+. END OF LOOP
U: F.- 20 EU BR :,0 OR.. LF. BACK. TO MONITOP
03S7 *
03:34 *
0385 * GETRAqN'E ,:.IDL.. HD[:,H, BUFPT/R)

7.

0-C

t2.118.1.



AI 6800 PROTO BOARD MONI OR PAGE 0008

ASH'1 VI. ±1

SEQ LOC OBJ SOURCE

0386 *, GET ADDRESS RANGE FROM BUF
0387 * ABORT IF INVALID
0388 * SET ADDH:= ADDH+I TO SIMPLIFY COMPARISONS
0389 * RETURNS ADDL & ADDH+i
0390 ALTERS ADDR, '.. A., E
0391

0 z1_: FIS5 GETRNG EQU 4

0394 F-. BD F2:6 JSR NXTADR .. GET ADDR
0195 F±8S3 FE FF, A LDX ADR
0396 FISB FF FFDC ST,-' ADDL ; STORE ADDL
0397 FISE FF FFDE STX ADDH . MAY BE ONLY I PARAMETER
0 - 9 8 F.191 ED F2D.,6 JSR N:*':TADR . GET ADDH
0399 F194 27 06 BEQ GETRG3. ;ONLY I PARAMETER
0400 *
0401 F196 FE FF[DA- GETRGI LDX ADR
0402 F19; FF FFUE ST:. ADDH .. SAVE ADDC'H
0403 * THE NEXT 5 INSTR TEST ADDH-ADDL
0404 FI9C CE FF90 GETRG3 LDX #BASE j REF W. R. T. BASE OF RAM
0405 FI9F H6 4E LDA A ADDH-BASE., ' , MSBYTE
0406 FIAI E6 4F LDA B ADDHI-EA',FSE., .
0407 FIRS EO 4-D SUB B ADDL+I-EASE, 2

0408 FIA5 A.2 4C SEC A ADCL-E;ASE,.
0409 FIRT 24 06 BCC GETRG04 .. ADDH., GE., ADDL
0410 FIA9 CE F28 . RNGERR LDX #MRNGER .. RANGE ERR MS'3
0411 FIAC 7-E FOC JMP MSGRE;T $ PRINT MSG ..: ABORT
0412 :+

0413: FIRF FE FFDE GETRG4 LDX ACE[',H . INC ADDH
0414 FI:2 08 INX
0415 FIBS FF FFL'E ST*-..: AE'EH
0416 Fi66 S'9 RTS
0417 *

0418 *+ GO COMMAND
0419:

0420 FIB? CE F900 GO LDX #$F900 . SET USER STACK VALUE
0421 FIBA FF FFF2 STN SREG ;STORE IN USER ADDR
0422 FIBD ED F2D6 JSR NXTAC)*iR . GET PARAMETER
0423 FICO 27 06 BE G.1 . NO PARAM, CONT EXCUT.
0424 ;+;
0425 FIC2 FE FFDA LDX ACDR .. ADR=PARAM FROM NXTADR
0426 FIC5 FF FFFO STX PREG
0427 *
0428 FIC FE F124 Gi JiP RESTF. .. (IN INTERRUPT HANDLER)
0429 *
0430 * LOAD COMMAND
0411 *
0432 FICB LOAD EQU
0433 FICB CE 0000 LOX #0 , INITIALIZE RANGE & OFFSET
0434 FI.E FF FFD8 STX OFFSET . TO 0000-FFFF., 0000

0435 FIDI FF FF[:C ST:-.: ADDL
04.6 FID4 09 LOOFST DE:e:.
0437 FICG FF FF[)E S.: ADDH
0438 FIDS BD F2.D,6 JSR NXTAER .. ANY OPERANDS?
0439 FIDB 27 IE BE':'! LHF2 .. NO. USE DEFAULT
0440 FIDD FE FFDA LD A DR ; YES

S

r '-I



AMI 6800 PROTO BOARD MONITOR PAGE 0009

ASH V1. I

SEQ LOC OBJ SOURCE

0441 FIE0 FF FFD8 STX OFFSET ;IF ONE, IT"S OFFSET
0442 FiEZ BD F2D6 JSR NXTADR jANOTHER?
0443 FIE6 27 13 EEQ LHF2 ;NO

0444 FiES FE FFD8 LDX OFFSET ;YES, IST TWO ARE RANGE
0445 FIEB FF FFDC STX ADDL
0446 FIEE CE 0000 LDX #0
0447 FiFi FF FFD8 STX OFFSET
0446 FiF4 8D A0 8SR GETRGi
0449 FIF6 FE FFDE LD:*. ADDH
0450 FiF9 20 D9 BRA LOOFST jGO TRY AGAIN FOR OFFSET
0451 * BEGIN OUTER LOOP
0452 FIF6 BD F3C3 LHF2 JSR RDRON TURN ON READER
0453 * SHORT LOOP TO SKIP HDR RECORDS
0454 FIFE 8D 70 RDPRE BSR FINDS ;FIND START OF RECORD
0455 * SETS kECHO):=O ON ENTRY
0456 F200 BD F41E JSR WAITTY ;RETURNS ('A:=TTY I/P
0457 F203 81 30 CMP A #10 . IGNORE HDR RECORDS
0458 F205 27 F7 BE RDPRE

0459 * END SHORT LOOP
0460 F207 87 FFE2 STA A RECTYP ;SAVE RECORD TYPE
0461 F20A 7F FFE4 CLR CK;SrM
0462 F20D BD F2BC JSR NE T2D READ BYTE COUNT FROM TAPE
0463 F210 4A DEC A
0464 F211 4A DEC A
0465 F212 4A DEC A
0466 F213 87 FFE: STA A COUNT ,SAVE BYTE COUNT
0467 F216 BED F2BC JSR NE-:-T2D jREAD ADR FIELD FROM TAPE
0468 F219 87 FFDA STA A ADR ,IST BYTE
0469 F21C BED FEC. JSR NE.'T2D:
0470 F21F BE FFD9 ADD A OFFSET+1
0471 F222 87 FFDB STA A ADR+I .2Nl) BYTE
0472 F225 86 FFDA LDA A ADR .CARRY TO FIRST BYTE
0473 F228 89 FF08 ADC A OFFSET
0474 F22B 87 FFDA STA A ADR
0475 F22E 86 FFE2 LDA A RECTYP .GET RECORD TYPE (0. 1., 9)
0476 F231 81 31 LHF3 CMP A #. ' -DATA RECORD*?
0477 F233 26 14 BNE LHF4 .. NO
0478 *
0479 *LOAD DATA RECORD
0480 *
0481 * BEGIN UNTIL LOOP
0482 *
0483 F235 BED F26C LDRIO JSR NEXT2D .jREAD 2 HEX DIGITS FROM
0484 TAPE. RETURNS IN A
0485 F238 FE FFDA LDX ADR
0486 F238 BED F3CD JSR SETOFF .STORE IN MEM(N),VERIFY
0487 F23E 08 INX
0488 F23F FF FFDA STX ADR
0489 F242 7H FFE3 DEC COUNT , DOES COUNT = 0
0490 F245 2E EE BGT LDRIO ,NO, CONT LOOP
0491 * END UNTIL LOOP
0492 F247 20 04 BRA LHF9
0493 F249 81 39 LHF4 CMP A # " .EOF RECORD?
0494 F246 2b 13 BNE BADTAP , ILLEGAL RECORD TYPE

0495 *

t2.- U -



AMI 6800 PROTO BOARD MONI TOR PAGE 0010

ASM Vi. I

SEQ LOC OBJ SOURCE

0496 F24[*, 6D r;134 LHF9 JSR CHEKSM CHECK CKSM
0497 F250 66 FFE2 LDR A RECTYP ; GET RECORD TYPE
0498 F253 81 39 CMP A # '9 ;EOF RECORD?
0499 F255 26 A4 ENE LHF2 NO, CONT LOOP
0500 *
0501 * END OF OUTER LOOP
0502
0503 F257 6D F369 JSR RDROFF
0504 F25A CE F26D LDX #MEOF .PRINT "EOF"
0505 F25D 7E FOCS JMP MSGMON AND RETURN ro MONITOR LOOP
0506 *
050? F260 E:D F369 BADTAP JSR RDROFF
0508 *
0509 F263. CE F29F LDX #1MTAPER ; PRINT "TAPE ERR"
0510 F266 3F SWI
051± F267 12 FCB 1±: ;PMSG
0512 *
05:3 * ACCEPT NO COMMANDS UNTIL USER PRESSES ESC
0514
0515 F266 TC FFE9 INC ECHO ; SET ECHO
0516

0517 F26B ED F41E BTI JSR WRITTY $ ESC CAUSES ABORT
0518 F26E 20 FB BRA BTI
0519 4+.

0520 :4. FIND S
052± * READ TAPE UNTIL START OF RECORD
052-2 *
0523 F270 FINDS EQU *
0524 F27 0 7F FFE-' CLR ECHO ;NO ECHO
0525 * BEGIN LOOP
0526 F273 6D F41E FS10 JSR WITT"Y ;READ NEXT TAPE CHAR
0527 F276 81 53 CMP A #"S ,CHAR = S 2
05283 F278 26 F9 ENE FS10 , NO
0529 END LOOP
0530 F27A 39 RTS
0531 4

0532 + MESSAGES
0533 *
0534 F27B 42 4144 ME;HDR FCC ,'BAD A&R/
0535 F282 04 FCB $04
0536 F283 52 414E MRNGER FCC 'RANGE ERR'
0537 F2SC 04 FCB $04
0538 F28D 45 4F4b MEOF FCC .VEOF.,"
0539 F290 04 FCB $04
0540 F291 SF 3F3F i'IUES FCC "--,
0541 F295 04 FCB $04
0542 F296 4& 4653t" MCsE. FCC -'CKSMl ERR/
0543 F29E 04 FCB $04
0544 F29F 54 4150 ITAPER FCC FTAPE ERRe"
0545 F2A7 04 FCB $04
054 2A8 5 393,0 MPEOF FCC .'90- 100FCe |'

054? F262 04 FCB $04
0546 F2-B1 OD MCRLFS FCB CR
0549 F284 OR FCB LF
0550 F25 00 . FOB $00

Io.0'
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AMI 6800 PROFO BOARD MONITOR PAGE 0011
ASM VI. I

SEQ LOC OBJ SOURCE

'0551 F266 00 FCB $00
0552 F2B7 00 FCB $00
0553 F288 00 FCB $0
0554 F2B9 53 FCB "s
0555 F2B8 31 FCB "
03556 F2BB 04 FCB $04
0557
'0558 * NEXT 2 DIGITS--
0559 READ NEXT 2 CHAR FROM TTY TAPE AND
0560 CONVERT TO HEX NUMBER IN A REG. UPDATE CKSM.
0561 * RETURN UPDATED CKSM IN B REG.
0562
0563 F2BC NE'.'T2D EQU *

0564 F28C 6D F4IE .JSR WAITTY ; GET CHAR
0565 F2BF 16 TAB .SAVE CHAR IN A
0566 F2CO BD F4IE JSR WAITTY
0567
0568 . SET UP PRRAP1S FOR CONVERSION ROUTINE,
0563 * PUSH ASCII CHARS INTO STACK, POINT X AT STACK
0570 * SET A=TYPE OF CONVERSION AND B=# OF CHARS TO CONVERT
057:1
0572 F2C: 36 FA A
0073 F2C4 37 PSH B
05T4 F2C5 30 TSX
0575 F2C6 C6 02 LDH B #2
0576 F2C8 _.F SWI
0577 F2C9 i5 FCB 21 , CONHB CNVT ASCII TO BINARY
057o F2CA 24 94 E;CC E.DTHP j IF NON-HE:: CHAR. ABORT
0579 *

0580 F2CC i7 -E:A UP:ATE :HECf SUM
0581 FCCD FB FFE4 ADD 8 CKSH
0582 F2DO FT FFE4 STA B CK6iI

10583 F2D3 31 INS , RESTORE STACK POINTER
0584 F2D4 31 INS
0585 F2D.5 39 RTS
0586
0587 * NEXT RDR(BUFPT', RDR)
0588 *
0589 * SET RDR=O OR NEXT NUMBER S"RING STARTING
0590 AT BUFPTR
0591 * LEAVES BUFPTR AT CR. DELIMITER, OR IST
0592 * CHAR BETWEEN G - Z
05-3 * LEAVES (8>= LHST CHAR SCANNED
'594 * LEAVES 'B. - LS BYTE OF ADR
0595 *

35 96 RETURNS: CC=Z FOR NO PARAMETER
0597 .A. ABORTS IF NON-HE:.: PARAMETER

0598 *
05099 F2D,6 NXTADR EQU

- 0600 F2D6 7F FFDH CLR ADR .;R=0

0601 F2D9 7F FFDB CLR ACR+I
0602 F2DC ED F3A JSR PXISS IS THERE A PARAMETER?
060.3. F2 DF 26 01 BNE NRI ., YES

0604 F2E1 35 RTS .. RETURN W/NO PARRM CC=Z
0605 ..

tl.



Atli 6u8o0 PROTO BOARD MONITOR PAGE '012

ASM VI. I

SEQ LOC OBJ SOURCE

0606 * SET UP PARAIIS FOR ASCII TO HEX CONVERSION
0607 *
0608 F2E2 C6 47 NAi LDA B #71 ; MRX. CHARS TO SCAN
0609 F2E4 3F SWI
0610 F2E5 15 FCB 21 j CONHB
0611 F2E6 FF FFEO STX BUFPTR
0612 F2E9 B7 FFDr STR A ADR . SAVE RESULT
0613 F2EC FT FF[6 STA B ADR+.
0614 F2EF R 00 LDR A 0.- X ; CHECK TERMINATOR
0615 F2F1 3F SWI
0616 F2F2 1 FCB 19 jALPNUM, IS CHAR ALPHA?
0617 F2F3 25 01 BCS N;Y ; 'ES
0618 F2F5 39 RTS
0619 *
0620 F2F6 7E FOC5 NR: iMp ABORT NO
0621 *
0622 * OUTCH = PRINT CHAP IN A
0623 * OUTCHX = PRINT CHAR AT MEM<:iO)
06224 IF CHAR = "CR"., FOLLOW WITH LF & 4 NULLS
0625 *
0626 F2F9 R6 00 OUTCHX LDA A 0, X .ENTRYI
0627
0628 F2FE OUTCH EQU *
0629 * FIRST CHECK FOR ESC
062-0 F2FB 27 PSH B
0631 F2FC F, 6000 LDA B ACIAS . ACIA INPUT STATUS
062 F2FF 57 ASR B ,C' = RDRF
0633 F300 24 OR 8CC 00 .I C N'.,O INPUT
0634 F302 F6 6001 LDR B ACIAD .READ ACIA
0635 F305 CI 1B CMP B #ESC
0636 F207 e. 0& GNE C010 .; Nor ESC
0637 F309 7E FOC3 JMP ABORT
0638 *
0639 F30C SF OC10 SWI ;PRINT CHAR
0640 F30D 11 FCB 1,.7 PUTA
0641 F30E 81 OD CMP A #CR
0642 F310 26 OE BNE O20 NOT CR. RETURN
0643
0644 F312 86 OR LDR A #LF .; PRINT LF

0645 F314 3F SWI
0646 F315 11 FCB 171 SPUTA
0647 F1I6 4F CLR A SPRINT 4 NULLS
0648 F317 C6 04 LDA B #4 $ SET LOOP CNT
0649 * BEGIN LOOP
0650 F319 3F OCLOOP SWI
0651 F3ia 11 FCB 17- ;PUTA
0652 F316 5R DEC B
0653 F3IC 26 FB BNE OCLOOF
0654 * END LOOP
0655 F3IE a6 0D L:,H H #CR .. RESTORE A
0656 *
0657 F320 33 0C20 PUL B
0658 F321 3: R TS
0659
0660 * PRINT CR., LF, NULL

I It



Ril 1I 6800 PRO FO 60AtR.C. HINI TOR PFIGE 003
RSI V1. I

SEQ LOC OBJ SOURCE

S0661 -
0662

0663 F322 86 OD PCRLF LDH R #CR
0664 FZ24 20 D5 BRR DUTCH ;OUTCH PRINTS LF AFTER CR
0665 *

- 0666 * PUNCH ADDL.- ADDH
0667f FLNCH MEIORY CONTENTS BETWEEN ADDL ,. ADDH
0668 IN HEX FORMAT
0669 *

0670 F.26 BD F185 PUNCH JSR GETRNG READ ADL .'.. AD[H+i
0671 F329 CE 0000 LD":. #0
0672 F2C FF FFE-8 ST' OFFSET
0673 FZ2F :3D A BSR N:< TADR .ANY OFFSET?
0674 F331 :.7 0 6 BEQ PHF15 NO
0675 F3S- FE FFDH LDX ADR ; YES
0676 F36 FF FFD8 ST,-. OFFSET
0677 .
0678 * PUNCH DATA RECORD UNTIL ADDL = ADDH
0679 *
0680 F. Z9 PHFI5 EQU .4:

0681 * BEl.IN LOOP
0682
06.8-: * CALCULHE DATA LENGTH =MIN(K3:0, RDDH+i-ADR:
0684 
0685 F339 F6 FFCF PHF20 LDA B ADDH+1 .. B ADDH-ADDL
068E FZ- -C F0 F'FL:,[., SUB B AD'DL+1
0687 F3.. F BP. FFDE LDA A ADE:,H
06:8 F3*42 62 FF[:C SBC A ADDL
0 6 89 F345 2e, 0_4 ENE PINDICI . DIFF GT. 256
0690 F347 CI iE CMP B 4:0 .i LS BYTE 3T. 3:02'.
0691 F349 23: 02 BLS PUNLD20
0 6 92 +

. 069 F1,46 C6 IE PUNDIO LO, E 4.0 ,DIFF GT. -:0
0694 *

0695 F34D 5C PLIN[,2-i INC B ; COUNT: =COUNT+3
0696 FS4E 5C INC B j... INCLUDES ADDR & CKSM
0697 F34F 5C INC B
0698 F350 FT FFE3 STA B COLINT
0699 F351 CE F2B1 LD I #I:F.LF'
0700 F356 3F SWI
0701 F557 12 FCB 181 PMSG
0702 F358 5F CLR B j B HOLDS CfKSM
070; F359 CE FFE3 LDX #CI:IUNT
0704 F35C 8D L4 BSR PUNSY T
0705 FS5E Si' PSH B
0706 F35F FE FFDC LOX ADL .COMPUTE OFFSET ADDRESS
0707 FL62 E6 FF:8 LDA A OFFSET
0708 F365 F6 FFD9 LDO' B OFFSET+I
0709 F1.68 3F SWI
0710 F369 08 FCE: 8 AcAB:X
0711 F36A FF FFA STx'; RDR PUNCH FROM ADR
0712 F36D CE FFDH LDX #ADR
071 F370 U. PIJL B
0714 +
07i5 F571 8D IF BSR PJNBYT .; (INCREMENTS X)

* T



A'll 680 PROTO BOARD ,ONIIOR PAGE 0014
ASH V1. I

SEQ LOC 0BJ SOURCE

0716 F373 8D ID 8S:R PUNBYT
0717 F375 FE FFDC LCX ADDL . RESTORE 2
0718 *
0719 * PUNCH BYTES FROM MEMORY UNTIL COUNT IS EXHAUSTED
0720 *
0721 ' BEGIN LOOP
0722 F378 :8D 18 PRECIO BSR PUNBYT .. ,:.CC=O IF COUNT = 0)
0723 F3A 2E FC BGT PRECIG
0724 * ENLO LOOP
0725 F0TC FF FFDC ST'. FiDL .; SAVE X
0726 F77F CE FFE4 LOX #CKSM PUNCH CHSM
0727 F382 5:: COM B
0728 F 383 E7 00 STA B 0, , .; CKSM =B
0729 F385 8D OE. BSR PUNBYT
0730 F187 FE FFDC LDX ADL
073± F38A BC FFDE CP. RDDH
0732 F38D 26 FAR BNE PHF20
07o: . END LOOP
0724 F38F 7E FO.Z3 JMP MONENI
err. *

0736 :4; PUNBYT CMEMQ.. COUNT. CKSM)
073:7 P PUNCH BYTE AT MEMKX) AND ADJUST COUNT AND CKSM.
0 7. * CC=Z IF COUNT =0
Q7Q. *

0740 F9'2 EB 00 PUNBYT ADD B 0, X j CKSM:=-KSM+ME1"I(:)
0741 F 94 -.F sNI
0742 F.-7.5 OF FCB 15 ; P2HEX, PRINT MEMrX) AS 2 CHAR
0743 F 39 TA FFES DEC COUNT
0744 F-' _.' RTS
0745 *
0746 * P4HEXS: PRINT 2 BYTES AT X AS 4 HE:.: CHARS + 2 SPACES
0747 *
0748 F3' SF P4HE...'.S SWI
0749 F:96 ±0 FCB ±6 I P4HEX
0750 F39C 8D 00 BSR PISPACE
0751 *

0752 * PSPACE--- PRINT ± BLANK SPACE
0753 *
0754 FZ9E 86 20 PSPACE LDA A #LANK*
0755 FAO 3F swi5
0756 F3A 11 FCB I7 S PUTA
0757 F3A2 39 RTS
0758
0759 * PAFiM EXISTS'BUFPTR) (#BUFPTR.= BUFPTR
0710 <X) = BUFPTR 1
0761 * INC bUFPTR UNTIL CHAR = ALPHA OR CR
a762.t LEH',,YE H = MEM( BLFPTR:.
0763 SET Z IF NO PARAMETER E:XISTS i
0764
0765 F-AL P;..,1'TS EQU + sENTRY FOR(#BUFPTR'=BUFPTR
0766 FZ.;S FE FFEO LO>X BUFPTR

W7t7 F.-%F';..P21'T>; EOU + .. ENTRY FOR ,X*)=BUFPTR
*. BEGIN LOOP

0763 F'AR6 A6 00 P..:. LLA A 0, " . IS CHAR ALPHANUM?
0770 F3Ab SF SWI

14-
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rlrI it C'1 PEk;O [ &OMRL' 'lOrd DR PAGE 0015.S
ASH Ivi. I

SEGQ LOG 00$ SOURCE

0771 FZA93 13 FCE: 1 ALPNM
07 7:2 FZAA 2.5 0 7 6;0.5 P2C:2 ;YES, EX IT LOO3P
0773 FSAC 81 OD L:'MP A 4CR ; IS CHAR CR?
0774 FIAE 27 0 3 BEQ PX2 .. YES,. ElXIT LOOP
0775 F36O 08 i NX .MIJVE TO NEXT CHAR
0776 FP3.61l .20 lF BRA P21
0777 .t EWE: LOOP
0778 F36B_7 FF FFEO S ST'.- E:UFPTR
0779 F366 Si OD COlP A 4CR ;SET Z IF NO PARAMETER
0780 F368 R RTS

0 7 842 : RDF OFF
07. -'. TURNS TAPE ROR OFF:
0784 4'ACA RTS 0/P HIGH
0785 .41 ACIA CHAR $2A (*>"
0 78 6 *. OLD VERSION OUTPLIT ASCII 1. 'zDC3)
0787 F3S I R DROFF EOU *+

0 78 8 FIBE:9 8e * Ul LDA A #$0i RTS HIG3H
0 789 FE:B 6.7 6uuc'Li RD.'F9O STA A ACIAC .; SET ACIA C-ONT REG
0 790 C- IFE 836 2A LDA A # $2'A jSEND TTY RDR CONT CHAR
0791 FZCO ]'SF SWI
0 7 912 F5G 11 FCB 1-7 $ UTH
0791 F 3 C : RTSc

C79 *.7RE ON:
0 7196 * URNS ON [APE READER
079.7 HC. AIA RTS 0,-P LOW

*714 AC IA CHARF. $411 E1

080 PZC3 RDRON ELU
0801 F: CS 66 41 LDA A 441 .. FTS LOCW
0802 F C5 6 7 60o RuN9O STA H AC IC Hl SET AC IM H~' PEG
0803 FZCo"8 E6 11 LDA A #$1 $ SEND fT PER[+ C INr CHAR
0804 F:CA SF SWI
0805 F3S 11 PC6 £7 .. PUTA
0806 P3.CC 59 RTS
0807
0808 *SETMEM0:2

0809 *SETS HEWXG-' .''H AND'. VERIFY
0810:4
0811 P300 SETOFFEQ +)
0812 F3:CD Se. PSH A .. FIRST CHEIJ RAHNGE
0813 FS-,C E 646 FFDC' LDA A AE.DL .. LOW L IMIT
08:14 FZD± Fin FF00 LOH B ADDL~1
0815 F2D4 SF SWI
0816'z F3EAL- 06 PCB .11 S .; .BA 6
08.17 FIt'6 22 uAH BHI SETOUT .. roo1- Low4
0818 FSC'8 616 FOE LOA A ADDH HIGH LIMIT
08:19 P2DB F6C5 FFE.-F LDA B ADDH+i
0820 FZDE S1.F S WI
0821 PSOF U6 PCE: 11 .SUE: .A'6
0 822 P3EO 24 u7 ECC SETFUL .,

0822 FI.E 2 '= SETOUT F UL A 01OUTSIDE F:RNGE LIMITS
0824 F2. 6 FF LEAi A #2rr55 TYP'FE E.ELETE',RUBO-UT)
03825 FSE3 LF

Is



AM 1 6800 PROWL EBOHRt MiONI TOR PAGE Lj016
ASH vl. I

SEQ LOC OBJ SOURCE

0826 F3-:E 6 ±1 FCB 17 .. PUTA SIGNAL FACT TO USER
0 8*27 F37 20 .-- BRA SETt-1.. OTHER.. IGNORE STORE REQ!
0826 F -ZE 9 SETRUL PLIL A

8s -2 ~ rg3EH SEIEM EOU 4

0830 F: F E .l 0 -i Ja Ot'ST A 0,.
0831 F7ELiAl .iu ClIP A 0, l" . VERIFY
0 832 FLEE 77i BE(u SETMI .ERROR'?

083,. .'ERIFY ERROR. PRINT AD-R
0 8 34 F --F o' F F 'PFi Sr:e AL-R SET PARAM FOR P4HE:

085F T F2' E rF[ALD,#U
083L6 FDF6 -b B6SF R R&ROFF

06 F'c L.E.- ru E: SR P SE
0 83 F-FAI C-E t- E: FEM&R LC'N-. WIHBADR j PRINT "BAD ADR"
0 83-9 F3.FL .7E Fuc -tiR H-SGAE;T PRINT4 tiSG1 8: AIBOR T

0841 F4uQ E~ ETt-I I R TS

0843 Ht sri A BYTEI. b: 'TEZ. ..

C.- F P4E6O-XU±li S JTiF..AP=NN AA
0t.52 F4&L. r R' E' Si- EDRO: NE. EN I LOO

n0655S F4LH .L. S L'. 6SF L.-l (fHl .. R =El' N=A..T VERFY

O'S56-- F4 k1'i' LitL rN: HOVE -, Fi:L D TO E:: AET

06 57 541- -F E.' RN AUL*(.E(L MM ='-RIF

0 F5 F41 A EF FRA F 5: 1 S110
0859 * END' iJP LOOP
08.360 F 41E b'E J0' 11Fu fMP HONEND

0862 Wi f F OR rTY. 'CHAR, ECHO) (#ECHO *=ECHO
086E3 RETURN NE:&--T TT'r CHAF IN A
0864 * IF '.IIEC--HO) NOT i..ECHO CHAR
0 86
08061-6 F41E W ITT-' EI)U
08674 LOOP UNTIL INPUT .. NE. RUBOLIT
0868 F41E 7F 1.410 swi READ TTY
086z F41F 14 PCS 20 1 GETA
0870 P420O 81 l: CliP H # ESC .I ESCAPE
0L)87-1 PF4 Z26 C1 ENE W.:20 a NO
0872 P 424 7L FuC -MP ABOR T . Ej ABORT
0 8 7 :7F42 7 81 7F Wo CiI---P A #RUEOU11-T .RUBOU T 7,
087Fe4 F 4Z9 2 7 BE0? WIx' . YES C. C-i]tI

0-875* ENL* UNT-IL LOO0P
0871E F42BE 7D FF E TSV ECHO
06"'7 7 F42ZE 427 03Z E E c .. . 7L NO ECHO
087 -f8 P430AL ED F 2FBE JSR F OU3ITCH .ECHO A
0837 9 FP4 33 L9 1.4c F RT

0380 4WAS ORG3 4F42E

mil0



IlM 6Ec100 Pi:OCi'O E :CIA,;. :I, MANi TOR F'E i7

SE.. LiC'C J SOtI:E

0.8:81 000.1 IO'vER EC!U I 0 1i.v.E R-U T I NE E:::,CLUDED
o2 000FI :ELA' ECU 10 .; POST PROG D.ELAY BEFORE VFY

0., ,1* P IA LOCATIONS
011884 5000 PIA EIU iO5,,10
0885 i00i V"50 EQU $5001-PIR
iE3~ 06 0004 PF'ROM EQII $5004-P I A
08:S7 ATCND AR:C RAi.l BUFFER ,'C,EFUL .::,
0::8 FC:cO RAIM EI)U f.FCCOI

0 1 :*RSRS.R CALL LOCAFTI ONS
0891 -+;

92 "-' iNITIALIZE PROH BURNER PIA 'S
0- 8 3 4--4F4:- FI1 T E I! U L +
0894 F4:4 _-: R'I"S . -UB FOR CIRI- MONITCI
0- , ORG 4:F4:uI
0896
01--7 . TF'E A IN BINARY.., ENCLOSED BY SPACES
0898-+
0.899 F4..5 F-B' I N EU .
090- F4-5 7 FSHB SAVE B
0901 F43:6 PSHA
0902 F437 8.b OF BSF: PSF PRINT LEAD[ING SPACE
090- F4-- PUL H
0904 F4--.A C6 L , L:A E: DIG: . :- [:,1IT C'OLNTEF.
0'95 F4-: 4 1-:C ROL A
0906 F4.::' .: PSH A
090,7 F4.:-E :E6 I:: L: A 4 . 'Ai=1,." ASCI I ..
090:- F440 49 ROL A
0909 F441 :.'F SWI
0310 F442 ii FE 1. .,PRINTA

091i F44 PUL A
@312 F444 .C_ :EC 8
0'1i I F445 '. ES BNE 8
0914 F447 PIUL B
0915 F44,. 7E F;E FSP J'MF FSA'CE PRINT ONE MORE SCF'ACE
115 148PI i

0191- R..ROIM ADDRESS SETUP & VALI[,ATION
0918
0919 F44B CE FCOL .F A.V LDE #FRAI .INITIALIZE POINTERS TO DEFAULT RAM
0920 F44E FF FFDC ST::' AEDDL
0921 F451 CE FEOO Lc: #RvrlM+512
0922 F454 FF -FrbE ST"; I[:£:,H
0923: F457 7F FFE: CLR COUNT SET FULL PROM FLAG
0924 F45A BED F-Z.A .3 P2SR P- IST-.I ..S IF NO AD'RESS
0925 F45D 27 06 EEQ AAI
09-6 F45F BC, F.L3 JSF GETRNG
0927 F462 'C FFE.i. INc C:FINT
09 28 F465 FE FF[.G ri_ LE,. ADDL .DEFAULr PROM ADDRESS
0929 F468 FF FF[:,A S T,..: T PROMRA, IS SAME AS START
093.0 F46E; E, F2.[:,6 F NAE..TI:R TRY FOR PROM ADCE:;SS
09-.1 F46E 27 06 BE G A.A NO
091:2 F470 FE FiFEA-.i L:,:.'.: AE:.R T'EE
09: F47*. FF FF:,. S>':- F'R'IlHC
1o"t4 F4,716 CE FFL,, - . LL.: *F'rFIM1[:, .VERIFY THAT RANGE 512

0 1?5 F479 OD[' SE', 'FOCE BORROW

"7



SLO. LOU. 06J U O.RC'.E

0 9 -, P-G F 42 7 ii' EI%- '1H EllADC
091-7 F4 -C' EZ E. C SBC 5. FCD

0 3:33 F4 7E A-,- Hi- LA 6,-.

09,':.9 F 4E S- P3A 4 S 2E C H 4,

09 40C F-182 8' 042 CHIP A ft $ SHOULD BE I C'R I-u

0:941 F 484 2 0 EE AR4 .TOO BI G

0394 . F 4 EBP L11 AtDD B 1, + SHOULD NOjT CO'..ERSF F'PC'rl

0943-- F4E. 1: - ) 1) ADC H U

0-944 F4&- A L' CIU ELIR H C..
0945 F48~C 8~4 FE AND Ft -k~fFE

09 4 G F4;=-E Z16 01i ENE HA4 I. T DOES
094'7 F-4'-: 0
0-94,-3 F 4,31 E F-Li4?: HR4 RIP RNGERF s ADD R E RANGE EFi

,950 *i , TpFE FRl .. ROMl ADDRESS 8,: DATA

09 51
0 9 S:2 F 4'-:i4 CE FF00, ','ERR LE 14AFff'L TYPE F.RAtIl ADDR:ESS
0951 F437. -F 1.1
0954 F4'-: 10 Fi B IG. P4HE*.'

09 45 5 F -19-': FE F*F-. LI D ".' DL .Now THE B YTE THEFE

0 -:;: 6 F4.? Hr--. CUH LLH A CGi'e.

0357 F43E SO B' p IS RB IN
0- c-E F 4A Cl *-. -Fi 3 LLR H I F~ii~ A THEN FROM CDATA

0'-!7'- F4Ai-Z '8' D E . P Z F3I N

0l ?'S O F4H. CE . -I-L- LD> C ~ '~IA . NOWJ IF ADDCRESS-- -:LOU B:)

6- 1 F - A HrC. ui. LIS A 1,. . DOES NOiT MATCH R-AM- ADD:ESS.-

0 9 r-*G 2 F4AHl HA I1 C CMF' A 5. .=ADDL

0=-I PROM ADDRESS A

0'- G-S4 F4AE -Ft .. 41 PRINT F:' DRS

019 6 5 F4AF i10 FC:B 16 P4HE>-

C06-6 F460 ED F S.2 AT JR PCRLF
k3'-; 67 F4B r. 4C) LEIA A # 6 4

618 F4B5 48 HS AEXIT 00.Z0 ~
03 69 F466- R: TS

F97 I FROMi ARC-.E'zS SETUPR -Y: DATA READ
0972
C 97 -: F4B17 CE FFDS ADDRS LD*.:-- #sFFR1AMD LW:BIT'
0974 F4E:A A6 Cii LL.A A 1., :-: LO 3 :
0975 F4BC B7 3004 S T A FRCOM1+FPI A

0976 F4E:F A6 00 LDmHA H3 -. .* HIGH BIT

0977 F,4C'.i C E 5000 LO 4FIH-I
0 141.", F4C.4 4. 1:...L A ,POS I T IO IT

097 3 F4C-5 4Ci fNC. H- .WITH DATA REGISTER SELECT

09803 F4Cz FL A

. i6l r A-i , Ei A P'iie .; I NISEFT I N T, LNTF.iL

0 9; - - r*'-t,-r - ICi AiND A~ t41--

09:34 F4Ci AS u EiIF: AH -'I+

-l.:!:c- i-L~o n'.L:r ri +ifr+.. F EAI L-H H

0 9 E-'7 F -1b

r~4ZI t-u l it4-



Hill c:."6100 r RJ 1 i U E. 6 R: b l~ 1 -1 1-41 -iE nc

R -H V1 i-~: 
-

-

-.- 'L*'0 -L' 0* HE. SF: R ' Ti V.~ER:I FYT ONE LOCH TI IN
-_*.~~ ca 4L .1 :2 HN .. NO ERR.OR,. OF: FR I N TEL.-

I F tL.rI ~' 2H u z. '%,EF R. PRINT FI::HE:LE EP:RR.

J.F 4 b :z:b 11 HN IS INL:Hcl INCREMIENT' fH',RESSES

-~ ~ IF ON REfE.'

I00k- F4EII R'L JP rPl- .JF HS41~T i ~iN
1C'01 Ftn L.~' H HF:, .ES R A D IFRS". READ' CINE ETTE
100.~ r tI F E F- -C. L A D

±J..F E.:E. b H .'R =E: dEf-I STOF:E IN RHM
11--04 F4EE. ;:_S' 6 8SF: 1NIZF NE>
±L.J05 F-tML' _ . F 4 B R H HR:

INO IJ1:: ENV ADDR'.F:i1 ifiESS PC' I NTERS

I1C i.) F4EF F E FFE:-.: I NGHD LC:' FPIRf'1H1

iull F 4F FF ir -LC -T:.: FP R IH H:D

J1 F4F6 i r r L- - iNK Ll.-:- HDL

114 FdPHr t -FlFC. Ti:: w i
1015 r -4 FL: -: FF['E C:F':. HC'l'H

I t .0 E:+- BNE tL'DI'-r-:,
±2F5C 7E FuJF E':I T JHP II I F R. EX I T TOLItlI r-4r I T 0FR

0 1I PR'FOM' L:'H Fii 'F: .[ FT'. LINE BY'TE

I O1L'l~ F5'-- 0 ZC; 5 "D6 %'Firi ESR HL{F 0 ~ E ,'SET LIF 8 READ. A BY'TE

IG_.Lh F 50 1 FE FFDIC LDEC- Hibl..I- .; C-IF'HE TO_ RF:'il
I~~F5'H H AI uO CHP A cu..

IC'.'4 F!3ElE: 7 EEO H>.--: I=:C1.. , A u
10:2 5 F!5, 0E ..j COM HA NO, I'. IT FI~xHBLE
I O'2 tZ A':F HH- LCC' OPHA H 0,. c" .1. E. NO RAN=-L, PPOUI=i
1-)2 7 F5. 11 CON H

I 5i12:L F 21 02 E:NE .'ER ;TE'S.. C=1., 0,Ei '..=
102 . F514 4 C 11N: H
100 F553 Fl. H T'S
1021 F51 I-17 E F494 .J'.ER -IF, '/.ERF: NO., TYPE E RR 1F:

lc1 ;+. PROuM BUR:NERF: F:OU1T INE
I -- I]:4 *+. NOT CODIcED

-10 7 -+.1H- OF:' $iF-l4
10 '-1. 6F -_- 1 E_:4 LIF:N. EOLI 4

IC'--1-1 F!51-' i7- FC0,-.5 IP HiFRT
I0 *+AHs, ORG IF 52CI
10 -9 +: FOWER: ON I NI TI HL =,E IJUEN C:E
ii '40' .* SE TS PIH TE' LETEFA~iIE (1OLE
1041 Plt OR T "HA" iNFU F
i C4 21. PO_-RT "B" -- uTPUT_ + 1 INPUT

11044 FIE:.':' INPUT 1 'F VFlY ENHiBLE -,O= ETYr C:ONNECT-
I L'I45 .;00' OF'f1:'C-E EIIU NO . rCRMAL OP M*OD.E PRUri HL-DR



HMI 6800 PROCFO 60HCR MONITOR F'-HGE L0020
FISH '.1. I

SE-. LOC 02.5 SOURCE

146 F5MC FWr.:I ECU 
1047 F.SC *t 00 LDH A 4$00 LOAD C:RA WCRED
104$ FSE B7 3001 STA Al *5001 . SET CRA
1043 F52 B7 5000 STA A $5000 .ENB DDRA ALL INPUT
1050 F524 8$ 04 LDA A1 #$0h4 SET PRA ENAB WORD
1051 F526 B7 501 '-T A H $50CI ENAB TO READ PRA
1052 F529 ' l, c- LDA A #$0 SET CRB WORD
105_ F526 E7 500 * STA A $500- 'ET CRB
1054 F52E '-I= 'F LDA A 4$7F SET DDR8 WORD
1055 F5_:0 73 B502 STA A 4: 50 UZI SET DDR6
1056 F5:- - 04 LDA A #:CD4 SET CRE: WORD
157 F5--.:5 B7 500-'.: STA A $50C--:: ENB PRB

1051- F5 .:'$ 866 I LD A # $6 SET PRB WORD
1059 F5-. A7 500 STA A $5002 SET PRB
160 F 5E ED6 55CI LDR A $5000 READ PORT A DATA
ICl6 1 F540 2,4 10 AND A #$10 MASK ALL BUT TTY
1062 F.542 2, 0C BEQ ( MCINIT jBRANCH IF TTV' CONNECTED
10=: F544 7F 0051 CLR MONF63 RESET MONITOR CONN FLAG
104 F547 7F 00CE6 CLR NORFG RESET NORMAL FLAG
1065 F54H 7F 00E7 CLR VSFLG .'STAR TEST FLAG
1066 F!4[:, 7E C-600 .. Mp OFIODE .JUMP IF NOFRAL OP MODE

1067 .-
I .IFP'To t 122 .TH2 SET-IJF" SETS CR: AND TIMER
1 I6 TO GENERATE CLOCk. FOR ACIA.

1070 -+ TIMER : CONTINUOUS., NO INTERRUPT ,.IRQ::,.
uI,." :4. FRE UENC:'T = HHZ52,'4 = 16*2:00 BAUD .4:-0 HZ. )

Ic 72 + TIMER STARTS I .IIIED, IFiTELY K G-D+R+W.)
10S_. F550 'S' Mc: I N IT LDH H 4$', .1 LOAD WOR: FOR C:R2
1074 F552 E:7 0I1 STA A 4f3001 STORE IN CR2
I075 F555 S6 8i0 LE:,1 A #*80 j LOAD WORD FOR CRI.. i-R2
10 76 F557 B7 2.:000 STA A *$.: 00t STORE IN CR1
1077 F55Fi E:7 . STA A $27.O, . STORE IN CR.2
107$, F5!D L -: LDA A #$:£:2 LOAD WORE: FOR CR.:
1079 F55F E7 f:Ooo STA A $_7000 .STORE IN CR2-.
1080 F562 C L: 0ti; LD:..X #0 63 .; LD DIV CNT FOR T_:
i0W1 F565 FF :6 STX $006 ;j STORE TO T2. DATA REG

108:' F568 1 LDA H 401 j SET MON CONN FLAG V'ALUE
10:-. F56A '9,"51 STA A MONFG STORE FLAG, MON. CONNECTED
1084 F56C 9 E6 ST A A NOFRFG SET NORMTAL OP WI TH KEYBD
Ii385 F56E 9T E7 STA A VSFL 1- SET VSTAR TEST FLAG
10:6 FSFO 7E FOI ..Jr'lP SI-RT .ji.UMP TO MON START

F59 5 OR'3 F5'
IC0U- F595 7E FFA JBAD Jlp PBA:'R PRNT"BAE:, t,DRESS".<x QUIT
I1.3$? F5 A2 ORlG13 r $F5 1A 2

I .j ._I- MENC R i3 _H-l1u90 .
1091 .+ HEE1OR'r MO",E

19.: F.SA2 BE:D FI- HO',,,'E .SR GETRNG GET SOURCE AD:,DRESS RANGE
1094 F5 A E,E., F2.,6 .F:--R NX:-DR G, ET EEST STARTING ADD
10i95 FSA .'7 EB B EE .JE'D , EROF:R IF [.ONE
I1096 F5AH FE FFE.,C AM L;', AE.'E:,L GET E
j&97 F5A D F6 00 Ll:,H R lU.
1096' F5AF FE FFDH L:,: H['R STORE IT WITH VERIFY

1499 F5E:2 EF ":EH JSF ETHE[
LIOu FE5 0a IN< X' INCREMENT POINTERS

20
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~*~j~ B~A~il'JrJI TOR PAGE 0021

SE'? LOC OBJ LIt

IIL01 F5BF.;- FF FFbCA Ar: AR
1102 F 5S$ El, F4F6 .S R IN --Cli-IPHF-E TO END
Il0 -. FS6C '2u EC B Fl. AM MORE
110J4+
1105 * END OF MODUsILE

I1I10 001.:; N. 1 TEHS EO~U 24 .. NUMB~ERF: 'JROUlT I NES
11L18,

I, I.: . SW I

1111 ....-:+1 INE '.'r~r~uTo

I I I F5E:E ORG3 ,F56E
1114 4

1115ENTRY IS VI A LOW ORDER ADDRESS O'F PON
It I :--,DDRE,-: IS PLAC--ED IN SWI VECTOR. ADDR.ESS

F58E R S F.SR EOLI

11119 *.GET THE INDEX. VALUE
110DOUBLE IT FOR VECTOR AEDR.ESS INDL.E:::

11'212 F5E;E 1A- -S: P INTO
11 . RESZ-TORiE S TATE OF INTERRFiP AT TINE OF C;A.LL

15F56F EE L5 LDe . 5.,: . HHS JuDC.+E:.:" ADD-REl-S

112 F 5':'.1 4 F LRH
1 1;2:=. Eln uiu LDA.- E: U. rIDE:-: INTO B
11'..- FS,::4 Fi ASL E. .; OUEILE

11u 5CS .. OL H

11 2 F.- E; H4S T WO 7 1 HE:. i NE

11 4 *+.VECTOR 'iF SUBROUTINE ADDRESSES IS AT 512+Rutl BASE
1115 4

6-t;4 FROM HERE DJ V- ECTOR 15 512-WHERE WE ARE
11 F~t; D 00BSR LOC'.

1140~. F 5C8E LOCVV. EQU + ~ S.TAICfK' HAS WHERE WE ARE
1141 F5SE -70 S;-.
1.142 4.A..6 WILL HA*/-E I NDEX-*2 + LO'::HrI ON -AA.
1145 h E B 01 HD B. C 1,
1144 F23C6 A-' 00 AL.C AH
11 4~i4 AO:- V.EC 1 LIR'J-PE

1146;
li4' FSC LBJ C 4 DL: GE K b LOW CIRC:E BIT-
1148 F5,:F :~901 ADC A t#W1 JHIGH ORD'.ER BITS

1150 + t-E , NOW HA.VE HLL+-RES';-- uiF -SUBROUTINE ADD.'RESS

11! -52 F!3Dl H7 00 STA H 0,. S. AVE V.ECTOR ADDR-.ESS, HIGH
01 ~DE 1 5TH b I. j. S .AV.E VEl'. TOP ADDRESS, LOW

11 4 F 5 £ EE 00 LL 0~ .LADV .E C.T 1R A DE)'RES S I NTO 0
115 F- 5 ( E6 01 ADD E; 1

21



rill 6800 PRU FO BUC liONI TOR PAIGE 0022

S E . LOC OBJ SOURCE

1156 F5,9 A9 A DC 0 -..
1157 ;* ADD IN OFFSET CONTAINED IN VECTOR TABLE
1158 F56DB 30 TS,.
1159 F5DC A" 00 STA A 0,
1160 FSDE E7 01 STH B .,
1161 FSEO A6 02 L:,'A A 2.-.
lIE2 F5E2 06 TAP STORE OLD: STATE INTO CC
1163 F5E-: EE 00 L[- 0..
1164 *
1165 FSE-j 31 INS
1166 FSE6 7-1 INS CORRECT SP
116 * .JU1P TO SUBROUTINE
1168 FSE7 AD: 00 .JSR .
1163 *

1170 * NORMAL E.:..IT FROM SUBROUTINE
1lT71 INCREMENT RETURN ADDRESS
1172 F5E9 30 TS.'-:
l17- F5EA UF: 6. INC 6,.
1174 F! E L'_. 02 BNE .4+4
1175 F.EE 61'C 05 INC 5. -

ii 6 *E' z I T

I1T- F5tFC'i 6 RTI

ii719 STACK ELEMENTS ARE STACK POINTER +2 SINCE .SR

:1i81 0 0-'42 Ic EO.UI 2. CC RELATIVE TOZ SPF

0003, U:L E!LI :. RELATI/'.,'E TO 'F'
0003 ; -- 4 IUI EQ.U 4 .A RELHTI'.;'E TO0 SF'
0005IH.. U'X-:H E Q U . :-,H REL AT I"' Ev T 0 SF'

ll:8 0006 UIL EQU 6. L RELATIV,,E TO SF
i18:6 0 - URH E G U .7 .,RH R:ELHTI';.'E MO '-:P

Iif 006 URL EQ-.LI .. RL RELATIVE TO SF

11-9 PUSH ALL ONTO STACK -- REGISTER'S. CORRECT ON E::.-<IT
1i90

1gi i000 SF.H EiL Q .. SYSTEM RETURN H RELATIVE TO SP
1192 --01 FL ELI i . SYSTEM RETURN L RELATIVE TO SP

1194 * RUSH ALL REIISTERS "NTD STAC:K--REGISTERS UNMODIFIED
1195 *

tt96 * CURRENT STACK SP +1 +2 +3 +4 +5 +6 +7 +8 +9
1197 SF.:H SFL CC B A ::A H ::.::L URL URH
1±98 • RESULT STRCK. BEFORE RETLIRN TO MAIN EX <IT
1199 *.SRH SRL CC , A .H :.:L URL URH CC B A '-"H :.:L
1200*

1201 F5FI' PUSHAL E-'U .4

122 *Ll [2
i .'J ~ ~ ~ S P A~tK '-F C E

1204 .

1205 FSFi ;4 DES
1206 F3F2 -4 DES
1207 F5JF. -4 DES

208 F5F4 7.4 DES
1209 FJF5 34 DES
1210

_________________________- _____________



H Mill F'RFO E-lCRF:,D MONITOR F'GE 02_

FISH VI. 1

SEQ LOC OBS SOURCE

±2+1 *+ HOVE STIACK DOIWN

121Z FSF6 C6 09 LD B #9 ., NINE BYTES DOWN
±214 FSF. 30 TS,.'
1215 F5F9 6 U 5 AS LDAA 1 5, .A OFFSET OF 5
12±6 F!3FB HT 00 STH A u,,
121 F5FD 0: IN;X
1218 F5FE 5 A,EC E:
1219 F5FF 26 F8 BNE AS

R C- 0t EOPYI ' PUSHED" REGISTERS
122 .4.

.', Fill F- L LDA B 45 .; FIVE BYTES TO MOVE
12'24 F607i -'.0 S.-

1225 F60'4 M 0'2 HC LU, A A UC,
12: Frt0 AET 09 STA A Ui:-- . .; OFFSET BY ,
1 F608- O'c- IN.
1 2 :F609 5A DEC EB
1.22- FCe.JC 26 F- BNE fiC

2.1 .+. E, 2T TO MIN

.12-:3 Frll'A -' R TS

1- .: USER STACK IS

: .4: C B A :H B *L
12.: + SF'

1'-; .+. F'OP ALL FE'3ISTER.S
1240 +

1241 F6Ei: FOFHLL E.U
1242 F6'C, -:0"
14- : *- CURRENT STA4Ci..
1244 * SRH SFL 13C B A ..'H XL URH URL CC B A XH XL
1 45 * RESUL r STACK
12 46 4 SRH SRL CC B A XH XL URH URL
1247 
1248 * RECOPY "PULLEC" REGIW'TERS
1249*

12.50 F60E C6 05 LER B #5 ;FIVE OF THEM
i251 F1u A6 09 PC LDA A UC..T..N ., OFFSET BY 7
1252 F61- A 02 STA A UC..
125_-'.: F614 08 I N:
1254 Fe.15a 5R DEC B
i2. 55 FrI±c. 26 F: 'E FC
1256
I-',,7 +- SHIFT EVERYTHING OVER
125J, .5.
1253 F618 CC 6'9 LDAR B 49 NINE BYTES
1260 F61H H6 0S PS LAH H JRL-5, :..
1261 F61C AT 08 STA A URL., :.2 ..OFFSET 5
126-.2 FI1E 0E9 DE:.::
1 263 FCIF 51 DEC B
±264 Fc2O 26 F8 ENE PS
1265 *

23I



0*I 08cli FUTJ l-_ "OiR.D OI'TLRa''. F' H E 0;24

A5SH Vi. 1

SEQ LOC OBJ SOURCE

1266 t FINALLY INCR.EIIENT SF
1267 *
1268 F622 3 I.S
1269 F62 31 INS
1270 F624 31 INS
1271 F625 LI INS
1272 F626 -11 INS
1273 F627 39 RTS
1274 *
1275 * TRANSFER : TO A, B
1276
1277 F-28 S0 TXER; T.
1278 F E-29 I= L3 LDE H U:H..: . . HIGH
1279 F62B. E6 06 LDE B U..L., > .; X LOW
1280 F62D A7 04 STAB STA A IJA.. TO A
1281 F2:F E7 T B UB.. TO B
1282
1283 F6"-I 39 RTS
1284 *
1285 * TRANSFER A, B TO
1289 F ATT
1287 F652 0 TE:. TS

1288 F6 .. AG 4 LDA A LI .. . . A
128 9 F6,_-', A7 05 S TR A A I-:. ;.' .TO '',HIGH
1290 *

1291 F6L.7 AH6 O L:,Fl A LB..: .- B
129'2 F6:9 E7 06 ST A B UL. :-: .,0 TO LOW
129S

1294 F6E_-.: 7,3 RTS
1295 .

1.2:6 EXCHANGE A, B N:.
1297
t298 F6C XAE., EQU
1299 F6.C 0 TSx
1C0 U :URRENT STAC.:
1261 * 'SRH SRL C B A XH XL URH URL
1302 * RESULT XL XH A E
10:3

1304 F63D a6 05 LDA H U.H,. .PICk UP UX
1205 F63F Z6 PSH A
1206 F640 E6 06 LDA B UXNL.::
1307 F642 8D EF BSR T:.-.+ iTHEN GO TO XFER t, E TO X
1308 F644 Z2 PUL A
1.09 F645 20 EG BRA STAB ., TO STORE IN A. B
1310 *
1211 * PUSH X
1312 +.

1 z1 F647 PUS;'. EQU 
1,,.14

1315 .- GET SPACE iN SFCE1-:16 *.

1317 F647 Z:4 DES
1518 F648 .4 DES
1519 F649 50 S-.:
15.20 * 1OVE STACK C.'-OWN TWO

• . 24.



Fiirl I b0 F'ROi"J BOHfR[ HONII]R PHGE 0025
FISll V1. i

SEQ LOC OBJ S 0_1-.:E

1321 F64A 86 09 LEll R 49 .HOVE TOTAL OF 9 BYTES
1322 .

1322 F64C E6 02 H; LE:, 8 2..
1. 24 F64E ET 00 STA B 0,X
1-:25 F650 0:8 1NX
i26 F651 4H DEC A
I2 'T F652 26 FS BNE SA

1329 STCK MOVED -- INSERT -

1330 F654 30 TSX
13 1 F655 A 6 05 Lf',A A LI.'H, X
1 2 F657 AT 09 STA H IL'..:H+4..
I :33 F659 A 6 k,6 LDA A U;.::L.. X
1374 F6.B A7 OR STA A U:L+4, X
1 5
17 36 F65D L9 RTS
137 * STACK ON RETURN
13: .4, SRH SRL C B A :.'H :<L URH URL XH XL
I 9 * SP
1340

1L41 +. PULL
i.:42 F6E PULi'-: EU .+.
1.7:43 + GEr :..: FROM STC.
1344 .4.
1_:45 F65E 30
1346 F65F 86 09 LC, A U".':H+4.. .; CURRENT ON STAC.
1 4,- F661 AT 05 3-H H L.:-H, ..:: .a REG ,

1.:48' F663 Al6 A'01A L[.'l R I-:L+4..
1 4'-: F665 AT 06 ST H A U'.:L.,
:1 :0 +

I -- .5 1NOW MOVE UP TWO
135I2 F667 86 09 LDH H #. BYTE COUNT
I .:53 F669 I '= A E6'U .+
1 54 F 6c9 E6 08 L DA ' .
1155 F66B E7 OR STA B 10,.
1356 F66D 09
I5 7 F66E 4H IEE: A
1358- F66F 26 F. BiNE PH
1359 UPc)A rE SP
1360 F671 31 iNS
1361 F672 Z1 INS
1362
126. 673 9 RTS
1364

HD,:, X TO A, B

I. 67 F674 HDD':.:,lHB EIDJ .

13.68 F674 30 rs.
1369 F675 8D C6 BS ,.:A,.+ .F EASY WHY. EXCHANGE HB & X
i3T0 F677 C6, 03 BSF: HFZ.,HB:.-.:+1 .; ED[ OTHER WHY
1371 F679 20 C2 BRH :A:+. THEN E.:I:HHINJ3E EACK
1.372 *

I- -:7s HLAL H,. TO

13 75 F67B -0 AC'C:oHB(' TS ,

ZS



HI-fi 680L PRO'O 0JRD HONI TOR PHGE 0026

ASH V1. I

SEQ LOC OBJ SOURCE

1376 F67C A6 03. LDO A UB. ,
1377 F67E E6 04 LDA 6 UA, X
1378
1379 * CODE SHARED BY ADDL.., INDEX
1380 *
1 81 F680 Al.DA E1.U
1,.82 F680 AS 06 ADD A UXL., :< . ADD UXL TO US
1 83 F682 AT 06 STA A UXL, X STORE INTO UXL
1384 ;
1385 F684 E9 05 ADC B J-H. .6 ADD U-<H TO EJA
1386 F686 07 STAUH TPA . SAVE STATUS
1387 F687 E7 05 STA B U.H,' STORE IN U<':.'H
388 *

1389 F689 6D 06 TST UXL., .TEST LOW BYTE FOR ZERO
1390
1391 * CODE SHARED BY ADDAE::, MULS, MULl6
1392 *
1393 F686 TESTZ EQI +
1 394 F686 27 c2 BE. . TA . HIGH BY. STAT IS TRUE RSLT
1395 F68D 84 FB AND A #F' .. NO., BIT IS CLEARED
1396 F68F A7 02 TA STA A UC ;. 5..,SAE STATUS
I3.97

13.9 8 F691 19 RTS
13:99
1400 * ADD A TO .
1401 *
1402 F692 ADD X EQU *

1403 F692 ZO TS.'
1404 F693 H6 014 LH A LA.,
1405 F695 ADDZ EQU .
1406 F695 C6 00 LDA B #0
1407 F697 20 E7 BRA AD,:B
148 * ADD B TO 2
1409 F699 ADDBX EG.QU
1410 F699 7. 0 TSX
1411 F69A H6 02 LDA A B.. AUS
1412 F63C 20 F7 BRA ADDZ
1413 *
1414 * SUBTRACT FROM A.. H-
1415 *
1416 F69E 3.0 SUBRAB TS::
1417 F69F 8D 9C BSR XABX+1
1418 F6AI 8D O3 BSR SUB-BX+I
1419 F683 20 98 BRA :B.+1
1420
1421 * SUBTRACT A.- FROM .
1422 -

1423 F6A5 SUBABX EQU
1424 F6A5 3.
1425 F6AG E6 C5 L 6 B U',.;H,..
1426 FGA8 -6 C6 LA -A UL. -,

1427 *
1428 F6AA HO 03 SUB A UA -.
1429 F0;AC H7 06 'STN A U..L.,
143. *V

U p_



AIII 6 1-0~0 PR O FC' b IHL'H r lill .1 O R F HG.E O C.I7

ASHI V.1. I

*SEQ LC'C CI6J. SCO1F.CE

1411L FSAE E2 C, 4 SEC B UHi..
14 _32 F.5B60 "20 C -4 BRA S TAU.X-H

1434 *SUBTRACT A FORMI*
1435+
142. F66B2 SLIE:A, EI:DU
1437 F65B2 30T
14238 F65B2 E65 04 LD.'A B Li .*
14325 F65 A. 1.5 6- SSUB LDA., AUL.
1440 F.5B7 IC0 SBA SUB A FROMlt XL
1441 F.5BS A 7 065 STA A U:'..::L.. S1 ORE X
14 42 4

14 423 F.5A E 6 05 LDAi B LIXH.. X
*1444 F65BC ':2 00 SEC B #0

1445 F.5BE -;~ 0.C6 BRA STAULX'.H
14 4.
1447 4SUE B FROM
144 "3
1449 F 6 C0 SUBBe'. E01- 4'

1450i F.5C. 0 TS-

1452 Fr.5CS C0 FO B;RA SSULI

1454 1 NC:.E.. *..A.B~ SAVE USER. A,. 8;

14.: PUL A

1 -4.57 4 1:--'H N A.:E ^1 -zAR CA4BWfH H-[.FB
14.: 0

1461 F.5CF 270 'S HP
147 2 F.D E. G 2 " S' 6TA B U. . AE EU
1476"' F.D -1 C 4 STA A3- IA. A E P I
1 47t*-4 F.5D4 Z7 WA-

i47.5 F6C6. 20 6:2 J~i BRA HETD.DPAT AEB RTR

1476 7 .4,c' M ORO8 A, . H+
147 6* +O OUE O O
147P,.9 FE 4. HL1.-- E I uULIFU
1470 F*C A.D B.. 6 S A. MB4
1471 F6CF A. B PARIALPROU

14872 F6OE L3E SA B SE E Vl EL R. IL L T

1474 4FD -1 P

1485 *80 N.5 10 ILI NLUDEE ti It NUS CONTR N ST



ill 6I C0 r-R!_ I PRO Ii BLIH'L: HON i IOR. F'Hi.E 002,
HSM V1. I

SEQ LUC 08. SOURCE

1486 0802 .31- PSH A
1487 08i03 " :0 T';:-.
1488 0804 4F CLR A
1489 0805 5F CLR B
1490 0806 66 06 ROR U H+i.. .;,SHIFT LSB INTO CRY

1491 0808 66 '8 ROR U..6,L+7.,.;
1492 +

149- * LCILF 16 TINES
1494 .+
1495 08OA 24 C14 MLOOP BCC MSHIFT MULTIPIER IS EVEN
1496 080C EB C' ADD B UE:+.. .; AB A = A.- B+USERA, 6
1497 080E A9 Li5 AD.C A Ui+...
1498 +
1499 0810 46 MSHIFT ROR A . SHIFT EVERYTHING RIGHT
1500 0811 56 ROR B
1501 0812 66 ROR U:*.H+I,'
I502 0814 66 cl7 ROR UXL+i..
1503 -1816 6 A 00- DEC 01 .'-. . DEC COUNTER
1504 0818 26 FO BNE MLI-O'P
1505 +

1506 END LOOP
1507

150: 0 81A 1 INS . RESTORE SP
1509 0816 I8 T'S::

151L 08 1C E7 : TM E HE.,',
1511 081E AT 04 STA A HA,
1512 .

151 SET USEF C =N CCN.= SETE*
1514 : .: =RNL -r_ E.,.....Z. . LSBYTE ):
1515 V.
1516 * CRY : = .
151,, THE LAST M['D: FTES:EL CRY. STR SET N=NI(ISBYTE) & V=0

1519 0820 i7 TPA
1520 0821 EH 05 ORA B UX, .; OR OF LAST 3 LS BYTES
1-21 0823 EA 06 ORA E, LI.L..
1522
1523 + USER CC HAS CORRECT N, V, &C. CC HAS CORRECT 2 FOR LS BYTE
1524 * GO TO END OF [D.<AB TO UPDATE REGISTERS
1525 *
1526 0825 7E F6:,6 JtP JMF'rZ
1527 F6D8 ORG $F6,8
1528 +
152? SUBROUTINE t'1PY$_. A, B. = USERA*USERB
1530 A PARTIAL PRODUCT

1531 .. B MULTIFLIER & LSB8S OF PAR. PROD.
1!5s2 . USER = MUL r I FL I CAND
1533
1534 F6Dc '.- IIPY- LDA A #8 j PUSH COUNTER ONTO STACK
1535 F6DA Z., PSH H
1536 STACK = COUNT, R, R., R, P.R, C.. B, A. :.::, X, R, P
1537 F6DB 4F CLR A
153. 8 F6DC 0 TSx'
£539 F6DD E6 06 LDA 8 UB+:.. B = MULTIPLIER
1540 F6DF 56 ROR B

zo



PtR 6000 '-O :O A:RD Mri4 11 OR PAGE 0 0--98~SHl V1. 1

SEO. LOC OBJ SOURCE

1541 +
1542 * LOOP S TIMES
1543 *
1544 F6EO 24 02 BLOOP ECC BSHIFT MULTIPLIER IS EVEN
1545 F6E2 RB A 60[7 RD:E A UA+_..
1546 *
1547 F6E4 46 BSHIFT ROR A .. SHIFT LSB OF A INTO B
1548 F6E5 56 ROR B
1543 F6E6 6.A 00 DEC 0, . CHECKFL. COUNT
1550 F6EE 26 F6 BNE BLOOP
1551 *
1552 * END OF LOOP
1553 :
1554 F6E A 31 INS .; RESTORE SP
1555 F6EE 1-3 RTS
1556 :

1557 * RELATIVE ENTRY POINTS TO SIUBROUTINE VECTOR
1558 .4:

1559 F6EC S'v EC:TO EQU *
1560 * I NCiEX
1561 F6EC FF 05 F:B $-FF05 . P'USHALL-* C,
15 62 F6EE FF IF FEB .FFIF POPALL-:+: 1
1563 F6F FF 3 FB $FF3d . T.AB-4
1564 F6F2 FF 40 F[B $FF4. .. TB;:-+. .
1565 F6F4 FF 48 FO:B FF4-_ .;E:..-.. 4
1566 F6F6 FF 511 FDB $FF5I .j PUS::-*
1567 F6F8 FF 66 FOB $FF66 FUL-* 6
1563 F6F A FF 7A FOB $FF7A 7e AD[:; *
1563 F6FC FF IF FO:E: -FF7F AO:,E:*- t
15-70 F6FE FF 34 FOB iFF94 .ADA.-

1571 F700 FF 39 FOB $FF3 .; AFDFB9.-* I
1572 F702 FF 9C FDB tFF3C 1SUB:,B- 1
1573 F704 FF HI FOB $FFAI SUBABX-* 12
1574 F706 FF AC FDB $FFAC .. SLBAI<-* Is
1575 F708 FF B8 FOB $FFE8 . SUBE-* 14
1576 F70A 00 17 FO:B $0017 .; P2HE'.'-+ 15
1577 F70C 0 0 10 F:B $0010 j P4HEX-* 16
1578 F7OE 00 2F FDB $002F .; PRINTA-* 17
1579 F710 00 4F FOB f004F . PMESS-*: 18
1580 F712 00 5[, FOB $0050 j VFiLFN-+- 19
1581 F714 00 -6 FDB $f036 ., INPUTA-. 20

1582 F716 00 96 FDB $0096 p CONHB-. .21
15:33 F718 FF AD FDB $FFA[ jINOEX- -
15384 F7IA FF E: FDB 4FFB: MLIL:3-*
1585 :4.

1536 -4. PRINT 2'.4 HE.'- CHARS FROM MEM, U:..:
1587 Ul.X IS INCREMENTED UPON OUTPUT . E. U:.% IJX+2
15136
153:-9 F7IC P4HE:.. EQU ..
1590 F71C 3-0 TSX
1591 F71. EE 05 LO:.. UX, H.-: . USERS ::
1532 F71F :30 06 BSR PHE:.' . PRINT OEM,:;)
159 4.

1594 4 PRINT 2 HE.' C HMR.S F-FfM ImEM:.UI:.
1595 F721 P2HEX.. EOU 4

Zq

-..



AM I 6800 FiR13FC ;:BOHR.D MONIITOR PFiGE 001-:

ASI Vi. I

SE(. LOC OBJ SOURCE

1596 F721 -:0 T
1597 F,7e-22 EE 0 5 LD: _.U;.<H., j:. USERS
1598 F724 8D 01 BSP PHE:.: P PRINT IEM,:>.
1599 F726 39 RrS
1600 4

1601 * PRINT 2 HE:.-. CHARS FROM MEM,:.':
1602 --
1603 F 727 PHEX.-.' EQU .4
1604 F727 7 6 0 LDA Ai 0, ., GET THE CIHAR
16 , F.29 S--:, -,.9 E;S,..: AI~ IIR .ON,,' RIGHT NIS . R'SLT IN A

1606 FT2 6 PSH A .S .A"'E IT
1607 F72C A6 00 L)A A 0., , .ET CHAR AGAIN
16005 F72E '' 21 BSR ASC I IL CONV THE LEFT NIBBLE INTO H
1609 F77:0 "D OE BSR PUTAX jPRINT A REG CHAR
1610 FT7:2 -:2 PUL A j RECO',,VER SAVED
1611 F7.3 S 8D 10 ESR PUTA ... THEN FALL INTO PINCI:X
1612 *

1613 4 INCREMENT THE USER S X IN THE STACK
1614 *
1615 F7-'5 F INCX EQLI 4.

1616 F775 0 Sx .. SP IS +2 SINCE E:SR DOWN IN CA S

1617 F7-6 :. .: INC UXL+r.. .; INC MEMORY :::: L3W
161 * F7.S- 26 02 BNE PRTS ., O'ERFLOW MEANS INC HIGH PART
1619 F,7.'-.A 6C i 7  I NC U.:H+2. o . YES--INC HIGH
1620 F71..C :3 FF.T RTS ., EXIT

1621 +
1---2 2 PRINT THE CHAR IN USERS A
162: +

1624 F :b PRINTA EQU .

162-', F7 :[, -i0 TSX
1626 F,7Z.-E A6 04 LDA A LbA., . . GET THE CHHR
1627 4

162 *8 PRINT CHAR IN [:ESIGNATED REG
1629 . ACIA ADDRESS IN -
16:0 .4.
16:1 + PRINT CHAR IN A
1632 F740 FE FFF6 PUTAX LDX ACIAI .. GET INDIR ADDR OF ACIA
1633 F74L EE 00 LDX 0;.. . GET ACTUAL RD OF ACIA IN X
1634 F745 Z6 PUrA PSH A SAVE REGISTER
1635 F746 A6 00 PRDY LDA A k.'.. . ,.ACIA STATUS
16:6 F748. 5 02 BIT A #02 . REDY-
1637 F740 27 FA BEQ PR.:T, . NOT READY
16 :-S F74C 32 PUL A . RESTORE C.HAR !
1639 F74D A.7 01 STA A 1.. :4 .PRINT CHAR

1640 F74F :9 RTS
1641 ..

1642 . CON ERT A FROM 8INARY TO HEXIN LEFT,.'RIGHT NIBLE ""

1643 * LEFT PART
1644 *
1645 F750 AS C;I IL EQU .

1646 F750 44 LSR A . A HAS CHAR TI E:E CONVER TED
14'7 F751 44 LSR A
1648 F752 44 LSR H
1649 F75: 44 L-R A
1650 * IN FOSITIIN

30

I



AlMI 6800 PROTO BOARD MONITOR PAGE 0031

qSM VI. I

SEQ LOC OBJ SOURCE

1651 F754 84 OF A SCI IR AND A @$.F .. CLEAR LEFT PART
1652 F756 8B 30 ADD A #$40
1653 F75'3 81 39 CM i #39 ; 0 TO 9
1654 F75A 23 02 BLS ARTS YES DONE
1655 F75C 8B E AD:'D A #7 a NO THEN A TO F
1656 F75E 39 ARTS RTS
1657 *
1.658 * PRINT MESSAGE POINTED TO BY X AND TERMINATED BY ETX
1659 *
1660 F75F PMESS E7!U *
1661 0004 E T', EQU $04
1662 F75F 30 TS.'..X
1663 F760 EE 05 LDX UXH, .: .GET USERS X
1664 F762 A6 00 LD A A 0, .: GET CHAR
1665 F764 81 04 CMP A #ETX .. IS IT TERMINATOR?
I666 F766 27 06 BE TRTS $ DONE
1667 F768 8D D6 BSR PUTAX, .PRINT A
1668 F76A 8D C9 BSR PINCX j INC USERS X
1669 F76C 20 Fl BRA P'ESS .; LOOP TILL DONE
1670 F76E 39 TRTS RTS
i671 *
1672 * X HAS ADDRESS OF CHAR TO BE TESTED
1673 * FOR BEING ALPHA NUMERIC
1674 * CARRY SET IF TRUE
1675 F76F VALAN EQU *
1676 F76F 30 TSX
L677 F770 EE 05 LDX U'.,,H., .GET CHAR A:.,DR
1678 F772 8D 05 BSR ALPNUM . TEST MEM.)=ALPHANUMERIC
1679 *

1680 * SET USER"S CARRY = CURRENT CARRY '.AND OTHER FLAGS)
1681 *
1682 F774 07 SCARRY TPA
1683 *

1684 F775 30 SETUS TSX
1685 F776 A7 02 STA A UC, X
1686 F778 39 RTS
1687
1688 * SET CARRY IF MEM(X) IS ALPHANUMERIC
1689 * CLEAR V IF HEX DIGIT
1690 *
1691 F779 ALPNUM EQU *
1692 F779 A6 00 LDl*A A 0,. .: GET THE CHAR
1693 F77B 81 41 CMP A #PA
1694 F77D 2D OE BLT ANUM j TOO SMALL FOR MLPHA, = NUM
1695 F77F 81 5A CMP A #"'Z
1696 F781 2E 12 BGT ANOTOK jBIGGER THA'4 "2"
1697 F783 81 C7 CMP A #$C7 .- SET V IF >F
1698 F785 29 10 BVS NRTS .. QUIT IF NOT HEX (C=I)
1699 F787 80 07 SUB A #7 .; CONVERT LETTER TO HEX
1700 F789 84 OF AOK AND A #15 ;STRIP OVERBITS FROM HEX DIGIT
1701 F78B OD SEC ..SET C FOR VALID A/N
1702 F78C 39 RTS
1703 *
1704 F78D 81 30 ANUM CMP A #" NUMERIC TESTING
1705 F78F 2D 04 BLT ANOTOK ;NOT NUMERIC

3'

K'



AMi 6800 PROrO BOARD MONI TOR PAGE 0032

ASI VI. 1

SEQ LOC OBJ SL'URCE

1706 F791 81 39 CHiP A #-9
1707 F793 2F F4 BLE AOK .. IT IS IN -
1708 F795 OC HNOTO uLL: . RESET CARRY FOR NOT A/N
1709 F796 06 SEV ., .ET V FOR NOT HE.--' EITHER
1710 F797 _9 NRI'S RTS
1711 +
1712 F798 20 96 JPIN : B,< E:RA PIN:X E:.-;TF E:RA TO REACH PINCX
171 3
1714 INPLITA
1715 + INPUT ACIA [.,HFH INTO A REG
171 STRIP PAR I TY
171.7
1718 F79A INPUTH E I_,LI *
1719 F79A FE FFF6 L:,X ACIII .J GET INDIRECT ADDRESS
1720 F79:, EE 00 LDX ., . GET ACIFI A:DRESS
jgT i *

1722 F79F H6 00 I HIT LE:A A 0., .. CIA STATUS
F7I. F7H1 47 ASR A L :HRRY: = R[:RF

1724 F7A2 24 FE eCC I-AIT 0 NO INPUT., LOOP
1725-+

1726 F7A4 A6 0J1 LE.,A A 1. X .. AC:IA :,ATA
1727 F7A6 34 7F AN:, A #f7F STRIP PARITY
172: F7AE; 3Li TS. PUT RESULT ONTO STACK
1 ' F7A9 A L14 ST H H II., X'
1. - FTAE: 79 RTS

17-.2 _NH6--C. 'ERT HE':., TO EINARY:
17+ - SCAN UP rO B ASCII CHAR'S STARTIN3 AT T.
17314 4* L'OAKING FOR A V,'ALID HE2l NUMBER. RETURN BINAR'
173-:5 EUI_II'vRLENT OF NUIMEER IN A. E: IF NUMBER HAS MORE
177:6 THAN 16 E;ITS, IGNORE MSE;"S.
1737
173 Z+. INPUT. A.= ADDRESS OF IST CHAR TO BE SC:ANNE,
1739 E:= MAX. # OF CHARS TO BE SCANNED
1740 *

1741 * -UrPUT A.. B=BINARY RE-_ULT
1742 CARRY=1 IF VALID NUMBER IS FOUND
1743 * POINTS TO LAST CHAR SCANNED
1744 *
1745 F7AC CONHB E .-!U
IF 46 F7AC 30 TS. x
17.47 F7AD E6 03 L[:'F B U,, X .3ET MAX COUNT
1748 F7AF 6F 04 CLR LIA, X .. :LEIR USERS A., B REGS
1749 F7Bi 6F 03 CLR US.,
1750 *

1751 * LOOP WHILE Nor ALPHANUMERIC AND COUNT .7:.1.
1752 *

1753 F7B3 30 CLOOPI TSX

1754 F7B4 EE 05 LDX LIXH,.., ; GET CHAR ADDRESS
1755 F7B6 8D Cl BSR ALPNUM . IS MEMKX) A/N'?
1756 F768 25 09 BCS CFOUND YES, STOP SCANNING
1757 F7fBA 5A DEC B . DEC COUNT
1758 F7BB 2F 04 BLE ENL'.CNT ., COUNT EXHAUSTED
1759 F7BD 8, D9 BSR JPIN C::.. . INC USERS '<

1760 F7BF 20 F2 BRA CLOOPI



SFtr,1 -i 'PROFP BOARD MCON I TOR F'AGE 00.3
T stI 'ell. I

SEQ LO'- OBJ SUILIRCE

2";,1 *

1762 + END LOOP
176,5
1764 -+. COUNT E:>.:HAUISTEC:, WITH N13 SUCCESS.
1765 _.n.RR WAS RESET BY ALPNUM.:,
1766 +
1767 F7C1 21 BI E[-DC:NT BRA S.-:H.'t' .. RESET IU'SER C: AN:, RETURINA
1768 ..

1769 * WHILE HE>. AND C:,IOUNr : SHIFT MEM :<.:, INTO UIAi UB

1771 4 E:EGIN OUTER LOOF
1772 F7C:; C:FCUND TS::.X

773: F7C4 EE 05 LD,X I .:;H.,.:
1774 F7C- SD E E:SR LF'NUM . CNVT NEr:1: TO HE:
1775, F,. 29 IS , .INVALID CHAR S
1776 F 7iC:FiA :7 F'SH B;. 0-:1,,E I:JLI.NT

1777 F7CB C6 04 LDA B #4 LOOP COUINT

177
17 09 SHIFT LEFT IUlAl, UBE
17 8H C-
1781 F7CD: .-7-l TS.'--

S 178=2 FF:E 68- 04 C.ISLOCIP A--SL UE+i. X' +1 TO C:OMP., FOR PUSH

1783 F7D 69 05 ROIL UA+i., -
17.:4 F7D2 SA DEC B
17853 FD 7D:,3: 2E F9 BG3T CSLOOP
17836
i787 F7:5 AR 04 ORA A lB+i., - OF' ON NEW CHAR
1788 F7[:,7 AT 04 STA A LIB+2.,
1783E9 F7[:9 '3 FUL 6 RETRIEVE C:OUNT
1790 F7DA 8D BC BSR jPINC:X ;INC USER
1791 F7DC 5A DEC E
1792 FTDD 2E E4 BGT C:FUND REPEAT
1793: 4 END OF OUTER LOOP
1794 F7DF OD SEC: VALID NMBLER
17-5 F7E0 20 52 E:RA SCARRY .'SET USER C AND RETURN
17 9 6;

1797 . NON-HEX CHAFR FOUND. IF C:HAR=I3-Z., THIS IS NOT A VALI.
179* HEX NUMBER OTHERWISE, CHAR IS A DELIMITER AND
1799 * NUMBER IS 'VALID.
1800 ;*
1801 F7E2 07 N-30C:D TPA . TOGGClLE CARRY BIT
1802 FTES 41. INC A
1802 F7E4 20 :F E;RA SETIS .. SETUP USER STATIS R RETURN
180 -4 :+:

1805 END)

1805 LINES ASSEIBLED., LOC F7E6., C'000 EF.OF.R.S DETECTED.

3
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Ati 6&800 PRC'TO EOARD> PONlTOE: PHAGE 0034
AHt- V1. I SYMBOL TABLE

S','E:OL VALUJE H TF:' LOON Li1 Nih'

Ai: C AG CJOCI 04 .:HA2
HC:IHl) 65001 8-.4 :2H AB
A CIA S 6000 834 1,ABE;4
BLANK" 0020 .84 2AHBL.
CR 000C. 84 20
ES C 0016: 8z.4 2ACF
EOIT iZ 0 4 84 A[:D
L AST FFFF $Z4 ' AEJ
LF VL300cA 84 2ALEH
RUBflIT FifClT7F 8 -4 '1:HIF
NONF3 L c 0051 84 HF'
NGRF'3 iC )E' 6 84 2EI-
VS F LG 00E7 84 EnCI
BAHSE F F90 C 84 -e

BOS FF8F ~4 E: 2H
BUIF F F9-;0 .84 B
PROtADC FFDS 84 'E'-
OFFSET FFIC'8 84 E B6
ADCP. FFDA .84 .:E44

ADL FFE:C '8-4 E264D
A0E*H FFDE 8-:4 :.EJs-.
BUFPTR* FFE0 84 EB
RECTYP FFE2 '84 Er 8
COUNT F FE 84 E1 BIf

CKS t1 FFE4 4= E: H

SAV>' FFE. 4 E

ECHO FFE-9 4 22B-5
TCOUINT FFEH '.-4 2EB9 E
GREG FFEE -:4 .2A7
BRE'3 FFEC 84 1.BB 60
A REG1 FFED, :34 '289
:-, :EG FFEE -C4 %BC
PREG FFF0 64 '.26 B
SREG FF F2 8:4 E:B)4
US w I FFF4 864 cBE:'.E:.
ACIH AI FFFG. 'C84 2,BE6
I RCV-E C FFF8 84 'B E F
SW4IVEC FFFA 8-,4 -EF
WHIVEC FFFC 84 2Lii0i
PWRI F5IC -84 YCO
STA RT F018 84 2 C I

STARTI FOIF 84 I IL.1
BREAK FLIA 84
BREAKI FOOF : 24 1 E
ACIHA F011 834
s W IS3O F0IE9 84 *.-' 4 C
SW I HAN F0C 834 2 C49
HONENT F05,9 864
H-ONENI F059 :4 I'

PI NI T F414 84 2 -:64
PCRPLF F3-Z2 2 84 2C:'5D I
PHONITE: FO5IF 8=,4 2 76e
RDROIFF F::69 :3-4 7tPF



AMI 6:300 PROTO BOARD M ON ITOR PAGE 003 5

AsHi V1. I SYMBOL TABLE

SYME:OL VALUE ATIF: LOCN L INVK

OUTCH F.2-:FE: :84 .dt
RT±0 F 07 T 4 ra
RT20 FflTE 64 IG9

aB.OR'T Fu 0 4 C R Z
WA ITTY F41E 34 :,-i HI

RT 10 FL 0'±-' 4 GB
R T9O-4 FOE 4 4 P BE
P e, .5TS F A H 81 IF

OTABLE F&1H4 -4 '

DLOOF Fi- 02. .4
DLIO F 0u A S 4
OTEND FO' C 5 4 I 1EE
MONEND F05 'P 4 I F4
LOAD) PzUB 8 4
GO FIE:7 84 .2,D 0 6
PUNCH Fsc 3426c'U
PREG P3'-: :3#S S.4 ~
MlOVE PSA2: :34 1 I
VPY F 4 D 84 X '. M2H
READ F4EO 84 C

SM F P401 84 CL
DMi F14E c8:4 245
EOP P175 84 £. C4E
B A D INP FCC 8-4 1 D-5i
MOUES F29 :384 .DbUPS
Hi'3t1ON FOGS. :3S.4 'D2,C- 6.

11, ABT FOGSC8 84 2',72
S.W14 0 FOFO :34 E
SW1I* FOE4 :34 DE.-.4

F, SR PSF5E 834 2118cD
[1W150 FOF. :34

PP.1 FIOB 834 .
FESTAK* F1 24 :34
FRIO Ff10 84 .DBI
Pz.PACE FZ39E 84 1:.,C B A
F4HEXs FZ9A 834 2DC
D R20 FItA 84 -. Di
RusIO F12A 84 2D
CHEKSM F134 84 2DDE
N E**;-.T2"D F268'C 84 .2DET-
CSI P141 84 2DF0
Il-SER F 2'9 I 84 2DF9
GETRNG F185 8-4 2E02
DM10I F150 84 2EOB
DM20 F156S 84 2E1-4
DM50 Fl1-e2 84 2E1D
;'IPEOF F2A8S 84 2E 26E
NULLS PIT 7A 84 2E2 F
NULLI F P1 r 84 2E38.:
NXTADR F2D)6 824 2E41
3 E TRG SF190C 84 2E4A
3ETR'31 F196 8-4 2E53
GETRG4 FIAF 84 2ESC
'IRNOER P12 8W 834 2 E65



AMI 6800 PROTO BOARD MONITOR PAGE 0036

AsH-1 Vi. 1 SYMBOL TABLE

SYMBOL VALUE ATTR LOCN L 14K

RNGERP FiA3 84 2E6E
GI FIC8 84 2E77
LOOFST FI[:4 84 2E80
LHF2 FIFB 84 2E:;9
RDRON F3 C.-: 84 2E92

FIND S F2W -:4 2E9E
RDPRE FIFE 84 2EH4
LHF3 Fi21 '£4 2EHE:,
LHF4 F24. :4 2EE:B6
LD:RIO F-2:5 ED 4 2EE:F
SETOFF F3CD :34 2EC8
LHF9 F24D :84 2EDi
BADTAP F260 84 2EDA
MEOF F28D 84 2EE 2

MTAPER F29F :-4 2EEC
8Ti F26 : 84 2-EF
FSlO F273' -;4 2EFE
HBADR F27E :64 2F07
tMCRLFS F2 6 84 2F10
NAi F2E2 :84 2Fi9
NA3 F2F- 84 2F22
OUTCH:- F2FS ,-4 2F26

010 FO 84 2F34
0; 20 F 0I 84 F
OCLOOP F:it 04 -F40
PHF15 F>-' 84 2F4F
PHF20 F>-' -- 4 --'F58
PUNDIO F24E -:4 F 6
PI-ND20 F-4C E4 2'FrA
PUNBYT F3 84 2F.7
PRECiO F378 :-:4 2F7C
PXISTX FZA6 E. 4 .F.5
PX1 FA6 -4 2FSE
PX2 F363 84 2F97
RDF90 F3BB 84 2FRO
RON90 F3C5 84 2FA9
SETOUT F3E2 :-,4 2F82
SETPUL FZE9 :84 2F8B
SETMI F400 84 2FC4
SETMEM F3:ER 84 2FCD
PBADR F3FA 84 2FD6
SM5 F404 84 2FDF
SM110 F40A 84 2FES
SMi-O F41B 84 2FFI
W.10 F4IE 84 2FFA
W20 F427 84 3003
W30 F43 84 300C
MOVER 0001 84 3015
DELAY 0008 84 301E
PIA 5000 :34 3027
V50 0001 84 0 :3,0
PROM 0004 84 C7u-S.

RAM FCOO 84 3042
P8381W F435 84 3.046

. I1



SAtM 6800e PROITO BOARD MONITOR PAGE 0037
FISM 11. I SYMBOL TAE:LE

SYMBOL VALUE ATTR LOCN LIN K

PSP F448 84 -0.54
AS F 4C 84 205[:,
RASV F44B 84 E.6D
HAI F465 84 lU6F
Fi Al F476 :34 3f0l8
AA 4 F491 -.4 7. 81
VERR F494 84 L-O8A
AT F4BO 8l4
AC, -:,RS F46T -4 09C
VFYI F505 84 3RF5

AV F4 D6 '- 4 3 E
AN F4DC :34 30 B7
JVER F516 84 30'O
INCAD F4EF 84 :00 9
AR F4E3 £4 34 :
INK F4F6 84 0DB
E.X I T F502 84 "0E4
AX F515 84 lCIED
BURN F519 84 ?OFI
O'PMODE DS0 84 3WFF
MINIT F550 84 3:108
JBAD F595 84 3:111
AM F5A 84 3IA
NITEMS 0018 8--4 7:12:
LOCVV F5C8 :4 .12C
UC 00 02 84 1....±:5
UB 0 003-7: 84 1 -.:E
U A u014 84 1-4.
UXH 0005 84 3150
UXL 0006 84 -1 ,'-
URH 0007 84 i2
URL 00:8 84 -itE
SRH 0000 84 117 4
SRL 0001 84 i.[E'
PUSHAL F5FI :34 '10IS
As F5F9 84 ISF
AC F604 84 2198
POPALL F6OD 84 3iHI
PC F610 84 li-f
PS F6iR 84 iB:
TXAB F628 84 iBC
STAB F62D 84 .1C5
TABX F632 84 3iCE
:<ABX F63C 84 31.D7
PUSX F647 84 3lEO
SR F64C 84 3IE9
PULX F65E 84 iF2
PI F669 84 :IFE
ADDXAB F674 84 3204
ADDABX F67B :84 .20D
iDDAB F680 :84 3216
STAUH FE6386 84 3IF
TESTZ F68B 84 3228
TA F68F :84 :231

S "

,-e - _ _ _



AHI 6800 PROTO BOARD MONITOR PAGE 0038

ASH V1. I SYMBOL TABLE

SYMBOL VALUE ATTR LOON L INK

AD.'DA.X F 69 '2' 84 2L7.A
A D CZ F1695 8-34 -,j4l
ADDBX F699F 84 324 '

SUBABE FG-9E 84 £255
SUBABX FGA5 84 Z2E
SUEA::.- F o-.B 2 84 2E
SSUB FC6B!65 8-4 27
SUE-B': F'50I .84 - -'7

I NDE.-X F 6C5 84 28.
MPY8I F 6D8C " 84 28
MULS FS6CD :34 324
JMPTZ FC-DG 84 zD
MULIG. 0800 84 H 1.2.AE.
tMSIH IF T 0810 84 H .2AF
MLOOP 080A 84 E
BSHIFT FEE4 84 L2I
BLOOP FGEO 84 L2A
SVECTO FEEC 84 3EG
P4HEX F71C 84 3D
PHEX F727 :34 32E5
P2HEX.. F721 84 32EE
ASCIIR F754 84 3F7
ASCIIL F750 84 3\\O0Q

PUTH F745 84 _3312
P I NL F73 8.. 4 -3-:12
P R T- F 73 C '-4 3-2 4
PRI!JT- F73D 84 _ -''
PRE)T, F746- 4 3b-S
ARTS Fr7jE 84 3-33F
PHESS FTSF 84 3 *34 8
ETm-' 0 0 04 84 33:1
TRTS F76E 84 -5
VALAN FTC F 84 3,1
ALPNUM F779 84 1'\E.L
SCARRY F774 84 3-37
SETUS-- F775 84 :.37E
ANUM F78D 84 38
ANOTOK*. F795 84 -:
NRTS F797 84 3Z:99
AOK * F78*9 84 H-F1
JP INCX F798 84 33AE
INPUITA F79AI 84 AB:34
IWAIT F79F 84 1AABD
CON4HB F7(A C 84 3 _ 0c6
CLOOPI F7B3 84 3--CF
CROUND F7'C3 84 ]"3D8
ENCNT F701 84 S3E1 i
NOGOOD FE2 84 3.3E A
CSLOOP FTCE 04 33-.F3

END ASH Vi. I

38



RMI 6800 FTEL PAGE 0001

ASH VI. ±

SEQ LOC OBJ SOURCE

0001 HAM FTBL
0002
0003 *GENERH (ED EY F I UN9*
0004 .IL. . .4:4. * *4* . * **

0005 *FRENUENCT 1"I BLES *
01006 * .€. .+.. * * * * * * * * i€
000 d" E/ww URG $E:60
0006; *
0009 E800 E. 6u INDE..: FL:b FR6
0010 Es a EDJ . F~b FP.G
011A E804 E9 IN FOB FRQ8
0012 EISU6 E9 5B FOB FRL9
0013 E808 E: 48 FDB FRQO10
0014 E80R E9 CD FOB FRQIi
0015 E80C E9 FE FDB FRQI2
0016 ESOE EA 2F FD8 FRQi3
0017 E810 ER 5C FOB FR14
0018 E812 EH 85 F[:'B FRUI5
0019 E814 EH HE FD FRQi6
0020 E816 ER De FOB FRQiT
0021 ESIS EA FC FDB FRQIS
0022 ESiR EB 21 FDB FRQ±9
0023: ESIC ES 42 FD FRP220
00-4 E8IE EB 63 FDB FRQ2±

0025 E820 EB 84 FOB FRQ22
0026 E822 EB H5 FB FRQ23
0027 E824 EB C6 FDB FRO24

0028 E826 EB E7 FD FRQ25
0029 E828 EC 04 FDB FRQ26
0030 E82A EC 21 FOB FRQ2T
00 1 E82C EC 3E FOB FRQ28
0032 E82E EC 5B FD FRQ29

-0033 E830 EC 78 FOB FRQ30
0034 E832 EC 91 FOB FRQ3I
0035 E834 EC AR FDE FRQ32
0036 E836 EC C3 FOB FRQ33
0037 E838 EC DC FDB FRQ34
0038 E838 EC F5 FDB FRQ35
0039 E83C ED OE FD8 FRQ36
0040 E83E ED 27 FDB FRQ3T
0041 E840 ED 40 FDB FRQ38
0042 E842 ED 59 FDB FRQ39
0043 E844 ED 72 FD FRQ40
0044 E846 ED 8B FDB FRPQ41
0045 E848 ED A4 FD FRQ42

0046 E84R ED B9 FOB FRQ43
'0047 E84C ED CE FD FRQ44
0048 E84E ED E3 FDB FRQ45
0049 E850 ED F8 FDB FRQ4C
.0050 E852 EE OD FD FRQ4T
3051 E854 EE 22 FO8 FRQ48
0052 E856 EE 37 FDB FRQ49
0053 E858 EE 4C FDB FRU50
0054 E85R EE 61 FDB FRQ51
0055 ES5C EE 76 FDB FRO52

* S

.s
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ANI 6800 FTBL PAGE 0002
ASHI V:.I.. .

SEQ LOC OJ SOURCE

0056 E85E EE 8B F[E FRQ53
0057 E860 EE RO F:sB FRQ54
0058 E862 EE 65 FE'B FRQ55
0059 E864 EE CA FLAB FRQ56
0060 E866 EE DE FDB FRQ57
0061 E868 EE EC FD FR058
0062 E86A EE FD FDB FRQ59
0063: E86C EF 0E FDE: FRL160
0064 ESS0 ORG $E880
0065 *FREUENCY TABLE FOR 6 HZ.
0066
0067 880 -23 FR1. FB 35 .4O.-PULSE PERIODS IN 60 DEG SEG
0068 E881 03 IH FB 794 ; LENGTH OF PULSE PERIOD (USEC-
00869 E883 .C 2E FD' 27790 jLENGTH OF c0 DEGREE SEG (USE

0070 E885 07 FF FDB 2047 SFMAX
0071 E88? 00 80 FDB 128 ; SFMIN
0072 *PULSE WIDTHS
0073 E889 00 3:1 FD 49 .. DON
0074 E88 00 3:0 F[:, 48
0075 E88D 00 32 FDB 50 .; DOM
0076 E8SF 00 2F FD6 47
0077 E891 00 32 FDS 50 j DOM
0078 E893 00 2E FDB 46
0079 E895 00 33 FE',B 51 .. DOM
0080 E89$7 00 20 FE- 45
0081 E899 00 34 FE:S 52 .. DOM
0082 E89B 00 20 FCB 44
0083 E89D 00 34 FDB 52 DOM
0084 E89F 00 26 F:B 43
0085 ESAI Ou 35 FE:, 5B DON
0086 ESA3 00 2A FDB 42
0087 E8A5 00 36 FE:S 54 .. E:O1
0088 ESA? 00 291 FOES 41
0089 ESA9 00 ':A6 FDB 54 .DON

0090 E8A8 00 28 FDB 40
0091 ESAD 00 36 FDE3 54 rDON
0092 ESAF 00 27 FE:B 39
0093 E8Bi 00 37 FDB 55 DOM
0094 E8B3 00 25 FDB 37
0095 E8B5 00 37 FDB 55 .DOM

0096 EB7 00 24 FDB 36
0097 E8B9 00 37 FDB 55 DOM
0098 E8BB 00 23 FDB 2.5
0099 E8BD 00 38 FD8 56 DON
0±00 ESF 00 21 FOS 33 3
0101 ESCI 00 38 FDB 56 DOM
0102 E8C3 00 20 FDB 32
0103 E8C5 00 38 FDB 56 DOM I
0104 ESC7 00 IF FDB 31
0105 E8C9 00 38 FDB 56 DOM
0106 E8CB 00 ID FOB 29
0107 ESCD 00 38 FDB 56 DOM
0108 EBCF 00 IC FDS 28
0109 *FREGOUENC'y TABLE FOR 7 HZ.
0110 *

40



RMI 6800 FTEL PAGE 0003
rAsi V1. I

SEQ LOC OBJ SuUP..E

SOl12 ESDI IF FR!.' FCS 31 .; NO.-PULSE PERIODS IN 60 DEG SEG
0112 E C[c2 03:00 F:,B "68 . LENGTH OF PULSE PERIOD (USEC)
0113: EsO4 5D, 0u FOB 23808 LENGTH OF 60 DEGREE SEG (USE
0114 E':6 -07 &F FE' 2047 j SFMAIX
0115 E8D, 00 80 F-S 12 $ SFMI N
016 *UFLIL'-E WIDTHS,
0117 ES:,A 00 3 7 FL'S 55 j [:,OM
0118 E;[:,C 00 3 6 FOB 54
0129 ESE.'E 00 3:-3 FDS 56 .C'M

0120 ES~EO 00 35 F[B 53
0 1121 ESE2 00 39 FE'S 57 j DIM
0122 ESE4 00 34 FEB 52
0123 E 8 E6 00 3A FDS 58 ._DOM

0124 EES 00 3. FEB 51
0125 ESEA 00 35 FDS 59 .DOM

0126 ESEC 00 31 FOB 49
0127 ESEE 00 SC FEB 60 'DOM
0128 ESFO 00 30 FE' 48
0129 ESF2 00 3C FDES 60 DOM

S013,0 ESF4 00 2F FE'S 47
0131 ESF6 00 3D FB 61 j DOM
0132 ESF8 00 2D FE' 45

-.0133 ESFA 00 3E FDB 62 DON
0134 ESFC 00 2C FE:S 44
0135 ESFE 00 SE FES E2 . DOM
0136 E900 00 2A FOE 42
013" 7 E902 00 3E FOB 62 DOM
013:8 E904 00 28 FEB 40
01-9 E906 00 3F FlE,.'S 6., DOM

-0140 E908 00 27 FDS 21,9
0141 E90 00 3F FDES 63 . DOM
0142 E90C 00 25 FO' ."
0143 E9OE 00 SF FL' 63 ., DOM
0144 E910 00 23 F'S 35
0145 E912 00 SF FE'B 63 . DOM
0146 E914 00 21 FB 33
0147 E916 00 3F FEB 63 DOM
0148 E9M8 00 IF FD' 31
0149 *FREQUENCY TABLE FOR 8 HZ.
0.150 *
0151 E9IA 18 FRQ8 FCB 27 sNO.-PULSE PERIODS IN 60 DEG SEG

0152 E9MS 03 04 FEB 772 ;LENGTH OF PULSE PERIOD (USEC
0153 E91D 51 6C FDB 20844 .;-LENGTH OF 60 DEGREE SEG (USE
0154 E91F 07 FF FEB 2047 . SFMAX
0155 E921 00 80 FEB 128 s SFMIN
0156 *PULSE WIDTHS
0157 E923 00 40 FO' 64 ;DOM
0158 E925 00 3E FDB 62
0159 E927 00 41 FEB 65 .;DOM
0160 E929 00 30 FEB 61
,3161 E926 00 42 FEB 66 . DOM

0162 E92D 00 3B FDB 59
0163 E92F 00 43 FE'S 67 DOM
0164 E931 00 39 FE' 57
a165 E93' 00 44 FEB 68 .- DOM

".



Atl 6800 FTBL PAGE 0004

ASM V1. I

SEQ LOC OBJ SOURCE

0166 E935 00 3.8 F[B 56
0167 E917 00 45 FDB 69 .; DOM
0168 E'99 00 3.6 FDB 54
0169 E93.E. 00 46 FDB ,7. CON
0170r E9..: 00 34 F: 52
0171 E9-. F 00 47 FOB 71 .; Doll
0172 E941 00 3.2 FDB 50
0173 E94. 00 47 FOB 71 DOM
0174 E945 W0 30 FOB 48
0175 E947 Oki 48 FOB 72 . Oll
0176 E949 00 2E FDB 46
0177 E94B 00 48 FE-B 72 $ DOM
0:178 E94D0 00 26 FDB 43
0179 E94F 00 49 FDB 75 3 j:DOM
0180 E951 00 29 FDB 41
0181 E95-: 00 49 FOB 73 .; [OM
0182 E955 00 27 F,B 39
018-1 E957 00 49 FDB f3 DOM
01:84 E959 00 24 FDB
0185 *FRELAJENL> TABLE FOR 9 HZ.
0186
0187 E95B 19 FRQ9 FCB 25 .; NO.-PULSE PERIODS IN 60 DEG SEG
0188 E95C 02 E5 FOB 741 LENGTH OF PULSE PERIOD (USEC*,
01:3 E95E 48 50 FOB 1525 ;LENGTH OF 60 DEGREE SEG (USE
0190 E960 07 FF FOB 2-47 .. SFMAX
0191 E962 00 80 FOB 128 ; SFMIN
0192 *PULSE WIDTHS
0193 E964 00 45 FDB 69 D ,OM
0194 E966 00 43 FD8 6f
0195 E968 00 46 FCB 70 .DOM
0196 E96A 00 41 FDB 65
0197 E96C 00 48 FOB 72 0OM
0198 E96E 00 40 FDB 64
0199 E970 00 49 FOB 73 .; DfM
0200 E972 00 3E FDB 052
0201 E974 00 4A FDB 74 sDOM
0202 E976 00 3B FDB 59
0203 E978 00 46 FDB 75 .j DOM
0204 E9ZA 00 39 FDB 57
0205 E97C 00 4C FDB 76 .; :'OM
0206 E97E 00 37 FDB 55
020 E980 00 4D FD8 77 ;DOM
0208 E982 00 35 FD8 52
0209 E984 00 4E FDB 78 ; 0OM
0210 E986 00 32 FD8 50I
0211 E988 00 4E FDB 78 DOM
0212 E98A 00 2F FOB 47
0213 E98C 00 4E FDB 78 D0oll
0214 E98E 00 2D FD 45
0215 E990 00 4F FOB 79 DOM
0216 E992 00 28 FOB 42
0217 E994 00 4F FOB 79 DOM
0218 E996 00 27 FDB 39
0219 *F.EOUENCY TABLE FOR 10 HZ.
0220

4,z
.S 42.
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MrMI 6800 FTBL PAGE 0005
ASH4 VI. I

SEQ LOC OBJ SOURCE

• 0221 E998 15 FROIO FCE 2± . NO. -PULSE PERIODS IN 60 DEG SEG
0222 E999 0- IA FDB 794 jLENGTH OF PULSE PERIOD 'USEC)

- 0223 E99B 41 22 FDB 16674 j LENGTH OF 60 DEGREE SEG 'USEC
*V0224 E9 D 07 FF FOB 2047 j SFMAX

0225 E99F 00 80 FDB 128 SFMIN
- 0226 *PULSE WIDTHS

0 27 E9A1 00 52 FDB 82 . DOM
0228 E9A3 00 50 FDB 80
0229 E9A5 00 54 FDB 84 . DOM
0230 E9A7 00 4D FOB 77
0231 E9A5 00 56 FD6 86 DOM
023'2 E9AB 00 46 FDB 75
0214 E9AD 00 58 FDB 88 . DOM
".234 E9AF 00 48 FDB 72
'0235 E9B1 00 5R FDB 90 DOM
02U6 E9B3 00 45 FDB 69
0237 E9B5 00 5B FDB 9j DOM
-0238 E9B7 00 41 F:B 65
023:9 E9B9 00 5C FDB 92: ;DOM
0240 E9BB 00 3E FOB 62
0241 E9BD 00 5D FDB 93 . DOM
0242 E9BF 00 3A FDB 58
W24l E9C± 00 5D FDB 93 ,DON
0244 E9C3 00 37 FDB 55
0245 E9C5 00 5E FDB 94 j DOM
U246 E9C7 00 33 FDB 51
@247 E9C9 00 5E FDB 94 j. DON
0248 E9CB 00 2F FDB 47
0249 *FREQUENCY TABLE FOR i1 HZ.
0250
0251 E9CD 13 FRQI FCB 19 NO. -PULSE PER IODS IN 60 DEG SEG
0252 E9CE 03 ID FDB 797 LENGTH OF PULSE PERIOD (USEC)

.-0253 E9DO 3B 27 FDB 15143 jLENGTH OF 60 DEGREE SEG (USEC)
0C25 4 E9D2 07 6A FDB 1898 jSFIIAX
0255 E904 00 80 FD 128 SFMIN
0256 *PULSE WIDTHS
0257 E9D6 00 5B FOB 9± jDOM
0258 E9D8 00 58 FOB 88
0259 E9DA 00 5E FDB 94 .DOM

0260 E9DC 00 55 FDB 85
026± E9DE 00 60 FD8 96 DON
0262 E9EO 00 52 FDB 82
0263 E9E2 00 62 FDB 98 DON
0264 E9E4 00 4E FDB
0265 E3E6 00 64 FDB 100 .DON

0266 E9E8 00 48 FDB 74
0267 E9EA 00 65 FDB 101 DOM
0268 E9EC 00 46 FDB 70
0269 E9EE 00 66 FDB 102 jDOM
0270 E9FO 00 42 FDB P6
0271 E9F2 00 67 FDB 103 1DOM
0272 E9F4 00 3D FDB 61
0273 E9F6 00 68 FDB 104 *DON

0274 E9F8 00 39 FDB 57
0275 E9FA 00 68 FDB 104 ,DOM
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AMI 6800 FTBL PAGE 0006
EAS Vi. I

SEQ LOC OBJ SOURCE

0276 E3FC 00 _34 FDB 52
0277 *FREQUENCY TE:LE FOF-. 12 HZ.
0278 4

02"79 E' E 13 FRO12 FCB I9 .; NO. -PULSE PERIODS IN 60 DEG SEG
0280 E9FF 02 DE FDB 73:1 .LENCTH OF PULSE PERIOD 1.USEu.,
0281 EAOI 36 41 FL:B 13,S8-,9 LENGTH OF 60 DEGREE SEG (USEr:
0282 ERO3: 06, C7 FDB 1735 SFNX
0283 EA05 00 80 FDB 126 .; SFNIN
0284 :+PULSE WIDTHS
0285 EACi'" 00 56 FDB 91 DOM
0286 ER0 00 5c- FDB 88
0287 EAOB 00 5E FDE: 94 DON
0288 EAOD 00 5 55 FDE 85
0289 EROF 00 60 FDE: 96 .; DOM
0290 EAII 00 52 FDB 82
0291 EAi-: 00 6 2 FDB 98 DON
0292 ERI5 00 4E FDB 78
0293 EA17 00 64 FDB 100 .l DON
0294 EA19 00 48 FDB 74
0295 ERIB 00 6-5 FDB 101 DOM
0296 ERID 00 46 FDB 70
0297 ERIF 00 66 FDB 102 . DON
0298 EA21 00 42 FDB b

0299 EA23 00 6,7 FD 103 DOM
0300 EA2'5 00 Sf., FDB 61
0301 EA27 00 6 8 F.B 104 DON
0302 EH29 00 39 FDB 57
0303 EA2B 00 658 FD8 104 .;DON

0304 EA2 D 00 34 F:,E. 52
0305 +FREiUENCT TABLE FOR 13 HZ.
0306 *
0307 EA2F 11 FRQI3 FCB 17 NO.-PULSE PERIODS IN 60 DEG SEG
0308 EA30 02 F2 FDB 754 ; LENGTH OF PULSE PERIOD ('USEC)
0309 EA32 32 1'2 FD 12.18 . LENGTH OF 60 DEGREE SEG (USE
0310 EA34 06 47 FDS 1607 $ SFNAX
0311 EA36 00 80 FDB 128 . SFNIN

0312 *PULSE WIDTHS
0313 EA38 00 66 FDB 102 DOM
0314 EASA 00 63 FDB 99
0315 EaLC 00 69 FD 105 .. DOM
0316 EA3E 00 5F FDB 95
0317 EA40 00 6C FDB 108 j DOl
0318 EA42 00 5A FDB 90
0319 EA44 00 6F FDB iii . DON
0320 EA46 00 56 FDB 86
0321 E A48 00 70 FDB 112 DOM
0322 EA4A 00 51 FDB 8i
0323 EA4C 00 72 FDB 114 DOM
0324 EA4E 00 4B FDB 75
0325 EA50 00 73 FDB 115 ;DOM

0326 EA52 00 46 FDB 70
0327 EA54 00 74 FDB 116 DO
0328 EA56 00 40 FDB 64
0329 ER58 00 74 FDS 16 DOM
O.30 EASA 00 ZA FDB 56
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AlI 6800 FTBL PAGE 0007

ASM Vi. I

SEQ LOC: OBJ SOURCE

0i7:2 1 *FREI)IUEI'.Ct' TABLE FOR 14 HZ.

0- :3 EASO OF FR4 FCB 15 NO'_ -PULSE PERIODS IN 60 DEG SEG
-7 _3 3N4E 5)0.I -;4_ID W E

S0224 EASE., fl: I± FEB 794 .; LENGTH OF PULSE PERIOD USEC)'
S0325 EA5F 2E ::6 FEE: l910 .; LENGTH OF 60 DEGREE SEG USEC
03_':6 E r.I 05 ±.I F1E:E 149 . SFR-
03 E Ar. 00 ;Z40O FDE. 12,6 .j SFtlI N

+FULSE WITHS
02 :9 Ehr9 00 74 FDE. 116 DOM
0 4 0 EAE6T 00 6=.F FDB III

0 34 1 EA69 00 ,-'; FDB ±0 .. 0
0 .'-:' E H 68 00 6A F[.B 106

0 2.47 ERAD 00 7C F[E:, 1'E2: 4
'44 EASF 00 S5 FDB 94I

0245 ERTS 00 7 E FDB 129 ., DOM
0246 EATI,' 00 5E FDB 64
034T EA75 00 :-"I FD:,E: 12 DON
0348 EAT7 00 51 FDB 88
0t45 EA7,9 00 6,2 FD:B I . DOM
0250 EA;1'F 00 5 FDB &

02:51 EA.D C-1 0 84 FDB 12 .; ,ON
• ,. ,-- E R'c F 0 - 4_9 FDB6 7-

0.5-': ER~ A 0 8.CO4 FEDB £-2.DOM

0 54 EAr- .i 42 FDEB E6
0: 5 *FRE!UENC'i TABLE FOR 15 HZ.

075f E A C35 OF FR1I5 FCB 15 ., NO. -PULSE PERIODS IN 60 DEG SEG
0 5'. EMr-. 02 E5 FDB 741 .. LENGTH OF PULSE PERIOD (USEC)

.. 5 ER E rB FDB 1±15 .LENGTH OF 60 DEGREE SEG 'USE
cr6u EtAH 05 C6r.E" FDB 2 . SFNAH<

0- E:.C 00 cU FE:,B 1 8 .Fr'IN
F :62 *PULSE WIDTHS

0262 EASE 00 74 FDB I6 . DOM
02..64 EA90 00 6F FDBE III
0265 EA92 00 78 FDB 120 .; DOM
0266 EA94 00 6A FDB 106
0.67 EA96 00 7C FEB 124 .; DOll
,-1.68. EAH' 00 65 FLB
0263 EAA 00 7E :bB 1cb .. DOM
10-70 EA3O 00 5E FDE 94
0271 EA3E 00 8i FE'B 129 .. DOM
0-72 EARO 00 58 FDB 88
0.71 EAa2 00 82 FDB I . . DOM
0374 EAA4 00 51 FDE 81
1. 75 EAA6 IO 8 FB I_-. I 4:'ON
0376 EARS 00 49 FD:oB 73
0U77 EARA 00 84 FDB 122 . DO
0378 EAFtC 00 42 FD.,B .:
0279 *FREQUENC'Y' TABLE FOR 16 HZ.
025
j 61 EAAE OF FR.16 FC 15 .. NO. -PULSE PERIODS IN 60 DEG SEG

0382 ERAF 02 66 FDB 691 . LENGTH OF PULSE PERIOD (USE
0383 EABI 28 MA F[.'B 10410 , LENGTH OF 60 DEGREE SEG (U
03M1.64 EAE:2:: 05 10 FB I 296 .; SFAX
0385 ER65 00 80 FDS 128 . SFM IN

.- 45



AMI 6800 FTBL PAGE 0cI'0:

FISM V1. I

SEc! LC'C. OEJ SOJRC.E

,S-.':6 +PULSE W I DI HS
0-187 EA67 00 74 FDE 1it ,+:O

388 E AB9 0u 6F FDE: I11

0389 EABB 00 783 F[E: 1 20£:,O
0390 EAE:, 0 ;n-6 FDE, J106

0 1:91 EHE F 00 7C. F.,E: 124 [:OM

IL 392 ECI 6!-. F:B IC1
0 29_ EA,7. CIO -E F:E: C [.,OM

0'94 EAC5 00 5E F .9 94
0395 EHfC? 00 61 FE i2 ,O
0' 6 EAC-9 0 518, FE:B '-"-'

. 7 EACE .--I1 2' F[: 130 C:,O

0 5c". EACO:, 00 31 F:E: -I
C :I . EACF 0l0 : F [E: 171 t:O M

0400 EADi O0 49 FE:
01401 ED3 CIO C,; 4 F: 132D OM
04 02 EA ,5 00 42 FE: 6
0403 *+FEL...U rIt TiELE FOR 17 HZ.
0404 ,
C 04CI5 E AD7 0 F R IT', FC.E" I-. NO. -PULSE FERIO_,S IN 60 DEG SE, E
0406- EAC: 02 F2 F[:,E 75 4 LENGTH OF PULSE PERIOD <U'SEC
0407 EADA 26 4H FE: 9602 LENGTH OF 60 :EGREE SEG .USEC.
040O'S. ERA:,C 0 4 CA F[B 1"26 SFrlA:
0409 EADE 00 80 F[: i2 SFNIN
0410 +FULE . IC.-THS
0411 EAEO 00 ;6S F[: 134 :OM
-0412' EAE2 0' 80 F:, 2:-

041s EAE4 00 8C F[B: 140 D0OM
0414 EAE6 00 79 F[:E: 121
0415 EIE- 0 0 -:4 F[:'E 144 H[ll
041c. EHEI 00- / 72 FC.E, 114
0417 EAEC 0 93 FB 147' [.0M
04:1: EREE 00 9 FE. 105
0419 EHFO 00 96 FDE 150 [DOM
0420LC ERF2 0 60 F[:E: --

0421 EHF4 00 37 FE' 151 [:,M
0 422 EAF6 00 56 F[, : 6-
0423 EAF';-6 00 3- F[B .- 151.2
0424 EHFA I0 4C. F[:,E: IS
I 425 .- FREgkiENCY TABLE FO i 1 HZ.
01426

0427 EAFC OD FFRI6 FC-B i3: NCI. -PULSE F'ERIO[:,S IN 6 DEG SEG
k.1428 EAFD 02 C; 18 .F LENGTH OF PULSE PERIOD 'LISEC)
0429 EAFF 24 2-_8 FB 925.6. LENGTH OF 60 DEGREE SEG ,UE
04uLi EE:O1 u4 83 FOE: 1.... SFrA<
0431 EBO. 00 80 FE: 128 ' SFMIN
IJ4 2.2 :F'IIL'=.E WIDTH'S
043 EB05 1- :: FOE: 134 ' ,ON
I42. 4 EE:,f 0017 8.0 FOE: I26
U043...5 EE:09 00 81C FDE 140 DOC'M
0436 EE:OB 00 79 FO:E: I21
0437 EBOD 00 90 FOE: 144 D:,OM
0438 EBOF 00. 72 F:B 114
0439 EE1ii CI O FE: 147 ., DC'M
0440 EE.3 69 FD 105
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A1.I1 6800 FTBL PAGE Oe1e
ASH V1. I

SEQ LOC OJ SOURCE

0496 E66E 00 97 FDB 151 1
0497 E670 Cii n7 FDB 167 DOM
0498 EE'e-2 00 8D FDB 141
0499 EE'4 00 AC FDs 172 j DOll I
0500 EB76 00 82 FDB i30
0501 E'E. 01.: 60 FDB 176 , DOM
0541 E&,-'a 00 .(5 FDB 117
05S; E67C 00 63 FLb 179 , DOll
05to4 E67E 00 68 FDB 104
0505 EBO80 03 FDB 179 .. DOM
0506 EB82 00 5R FDB 90
0507 *FREQUENCY TABLE FOR 22 HZ.
w50*8
0509 EB84 0B FRQ22 FCB :11 ;NO.-PULSE PERIODS IN 60 DEG SEG
0510 EB5 0-2 B FDB 689 LENGTH OF PULSE PERIOD (USECf,
05!i E68e? ID[ -4B FDB F579. ;LENGTH OF 60 DEGREE SEG (USEC)
0512 EEB8: 0:3 64 FDB 948 ; SFMHX

0513 E688 00 80 FDB 128 .,SFIIIN E
0514 *PULSE WIDTHS
0515 EBESD 0t - F FDB t59 DUN
05i E8SF 00 97 FDB 151
051;" E691 00 H? FDB 167 H
05ib EB93 O0 8D FDB 141
05!5 EE.3 w&. HC FD8 172 . DOM

EIr.2 6- ;" 8ii 2 FD8 .3;

OJb21 EB39 00 80 FDB 176 ;DOM
0522 EB9B 00 75 FDB 117
052 EB9D 00 B3 FDB 179 DOM
054i- E6gF 00 68 FDB 104
0525 EBAI 00 B3 FDB 179 . DUM
0526 EB83 00 5R FDB 90
0527 *FkFuUENCY rH8LE FOR 2.3 HZ.
0528
0529 LBH5 08 FRU23 FLB 11 NO.-PULSE PERIODS IN 60 DEG SEG

_6 EM6 02 93 FDL 659 ; LENGTH UF PULSE PERIOD (USEC.
0531 E8H8 I 1 FDB 7249 ;LENGTH OF 60 DEuREE SEG (USE

E6HH 03 8 FD 905 ; SFMR..
05-.. EEHU 00 80 FD8 128 ; SFMIN
"Zi4 *PUL'ME WIDfIHS

053 EBRE_ 60 9F F DB 159 .; Dul
SE6Bb Ou 9? FDB 151 4

U51.7 -6, t PD 1Uu . DONM
•t p..Ib ::€1::4 0 6 FD8 141
0539 Ebbo W HU F 172 . 1 LH
_,.40; m686 0J 2 FDB 13M

t i h..H Oaw 80 -Db 1e; b DUt'1

Wb4.a- EebU 00 75 FDB 117,
U54: EBBE L-%. B 0u3 u'b 1/1'4 .+ bull

0544 -IBUO Ow b6 FD8 104
054-, m- C2 'o I 1": ; DUM
0*46 EBC-o'. !5 ~H F -lJ _ k
U- i~ *FkEUUENCY rHBLE FUR 24 HZ.
wA54e,-4
W54z' i-. b WB i-r.$24 FG8 11 jNU.-PULSE rt"RIODS IN 60 DEC SEQ
v.,i:.,l E',' U12 (7 -l.B 6.31 ; LENGTFH OF PUi.SE PERIOD (USE

49
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AMI 6600 FTBL PAGE 861±
ASHl %11. 1

SEQ LCO SUURLa

0e351 EBLrl lb lU FL.b lnl9'tit sLENI H OF 60 DEGREE SEG (USE(
05&cL ESC6 63i 61 F IE' 6. SFM,,'F e-055S1 Ebc-D 00 6 i~ FLli S FV1I N

*PULSE Wit>FHS
tlID o oFUB 16U DuNl

oL5' Eb* wL.1 , b 16;1S DUNl

05589Lto £ 00 u@ M. FLe 1.i

-056w Eb: wti bc Fb Die u

'n2EbL0 Wu 15 Fb Dh 117
05bS< EBOIF Oki F;~ FOB ±9 ; DON
kO564Z Eb~l. 0u B0 FLUS :1704.D
05AG' EBLI Oi 8b% F LB 179U O
0 566 E6EE53 00 t'N FO 9) 0
0567 *FkELdC, I BLL F-UR 25 HZ. -

60566 :
056b9 EBE? 059 FKu2: FUj iNO. -PULSE PERIODS I N 6.0 DEG SEQ
W7 C70 EBES 02 E5 FC-8 i741 ;LENQTH OF PULSE PERIOD CUSECI
u571 EBEN IN OD FOb 6bbo -LENGTH OF 60 DEGREE SEQ (USE(

5 7 2L bLL OS 44 FOB8 83 6 ; SFMHX
ee%.,7& EbEE uvi 80 F~b 128 ; SFNIN

4 uS?4 *PULLE WID fIS
0 5,i' 5 EBFti OW G4 FO L ± 96 DUN
0 576 EBFe2 00 6e FOU8 :163
05b7?' LBF4 00wC FOB 206 .' UN

* oE6F6 Wt N8 FOB 168
UoJT9 EbFS Ut' U6 FDB 2:14 umL:.U

- -o580 t.bFA eeu !:6 FOB 156
0561 EBFC Wi& DH F L)b 218 .. DuN

- 658 ESFE 00 b3 : FOB 131
6-583 ELeeO 00 UB FOB 2 1 4 ;DON
0584 ECtY2 00 b':E FOB 110

*UoD85 *FKEIUcNLV TABLE FOR 26 HZ

t'05i' EC04 09 FRGI26 FOB 9 ; NO. -PULSE PERIODS IN 68 DEG SEQ
105066 EC05 02 CS FOB 712 ;LENGTH OF PULSE PERIOD (USEC
058S0 Ecoi? 19 a8 FOB 6408 ; LENGTH OF 66 DEGREE SEQ CU

-05'90 Eu69 63 22 FOB 862 ;SFNAX
0591 ECOB ow 80 FDB 128 sSFMIN
0592 *PULSE WIDTHS

-0X03 EC0E> 06 C4 FOB 196 ;'DON
tlO- 04 FLcoF Wi@t B? FOB 183

W -~3 EUJ.;l Ut) L. F-DO 206 sU
05!:6 0L1 eWWA6 FOB ±68

-r9'LUIb wee D6 FOB 214 ; DON
10'9 ELI? 00 :06 FOB 156

6599 Eu19 66 OH '8 2 jM
-600 ECIB 613 83 FOB 131I >6e± ECID 0 DO FDB 219 jDON
'dcOZ2 ECIF 8k) 6E FDb 110
66 *FkEQUENCY TABLE FUR 27 HZ.
0604*

* (66 Ecu2 0!0 FRQ2( FOB 9 ;NO. -PULSE PERIODS IN 68 DEG SEB

14A



F1I 68012 FTBL PAGE o .. .'!

H$M V1. :1

SEQ LUC OBJ SUURUE

0606 ECZ2 02 RE FD6 ob o .LENGTH OF PULSE PERIOD <USEIc060 E-.;.4 16 IE FDoB 0617 4 ,LENarH OF 60 DEGREE SEG (USEC

A6 0 ECEo 0, 04 FDB '7'2 ,SFHX
4603 E pb 6U FLA 128 tFNIN
0610 *'UL E WIDTHS""
0611 EC2R 00 C4 FDB 196 ; DOM
0612 EC2C 067' FB7 iE-l
0613 EC.E 00 CE FL',EB 206 j DOM
0614 EC....0 £OI H8 FDB 168
0615 EC&2 00 O6 FD 214 j DOM
0616 EC14 W U FDB 150
06 if E. c DH FDB 218 ,DUN
0618 EC38 00 83 FDB 131
0619 EC3H 00 D6 FDB 21 ,DOM

0620 EC3L Ok 6E FDB 11c,
0621 *FREQLIENCY IRBLE FUR 28 HZ.
0622 *
0623 EC3E 09 FRQ28 Fi 8 9 sNO.-PULSE PERIODS IN 60 DEG SEG
0624 ECF 02 95 FDB 661 jLENGTH OF PULSE PERIOD (USEC)
0625 EC41 1r 3D FDB 5949 ;LENGTH OF 60 DEGREE SEG (USE
0626 EC41 02 E6 FDB 742 ;SFMAX
0627 EC45 00 80 FDB 128 sSFMIN
0628 *PULSE WIDTHS
U629 EC47 00 C4 FDB 196 jDOM
0630 EC49 00 B7 FDB 183
0631 EC4B 08 CE FDB 206 DOM
0632 EC4D 00 H8 FDB 168
0633 EC4F 00 D6 FDB 214 .;DOM
0634 ECS1 00 96 FDB 150
0635 EC53 40 DA FDB 218 ;DOM
0636 EC55 00 83 FDB 131
0637 EC57 00 DB FDB 219 ;DOM
0638 EC59 00 6E FDB 110
0639 *FREQUENCY TABLE FOR 29 HZ.
0641 *
0641 EC56 09 FR29 FCB 9 ; NO. -PULSE PERIODS IN 60 DEG SEG
0642 EC5C 02 7F FDB 639 .LENGTH OF PULSE PERIOD (USE
0643 EC5E 16 77 FDB 5751 ;LENGTH OF 60 DEGREE SEG (US
0644 EC60 02 CD FOB 717 iSFMRX

0645 EC62 00 80 FDB 128 SFMIN
0646 *PULSE WIDTHS
0647 EC64 00 C4 FDB 196 ..DOM
0648 EC66 00 87 FDB 183
0649 EC68 Ok CE FDB 206 ; DOl
050 EC6A 00 AS FDB 168
0651 EC6C 00 D6 FDB 214 ;DOM
0652 EC6E 00 96 FDB 150
0653 EC70 00 DR FDB 218 ;DOM
0654 EC72 00 83 FDB 131
0655 EL74 00 Db FDB 219 jDOM
"056 EC76 08 6E FDB 10
0657 *FkEUUENCY TABLE FOR 30 HZ.
8658
8659 EC78 or FRQ3O FCB e ;NO.-PULSE PERIODS IN 60 DEG SE
066 EC?9 83 1H FDB 794 iLENGTH OF PULSE PERIOD (U

.o
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AM I 6800 FTBL PAGE 0013

7SM V1. I

SEQ LOC OBJ SOURCE

"'0661 LG78 15 b6 FDB 5558 LENGTH OF 60 DEGREE SEG (USEC
0662 EC7D 02 69 FDB 697 jSFf'IH?

--0663 EC7F 00 80 FDB L28 ;SFIHIN
:,8664 *PUL:E WIDTHS
go0665 EC8i 00 FE FDB 254 DOM
-0666 EL83 00 E9 FDB 233
S0667 EC65 01 OE FDB 270 iDOM

4 A ..&666 EC87 00 CF FDB 207
0669 EC89 0± le FDB 279 DOM
*670 Ei;8B Ou0 FD8 A

* 0671 ECOD oi iH FDB 282 DOM
0672 EC8F 00 8D FDB 141
0673 *FREQUENCY TABLE FOR 31 HZ.
0674

0675 EC91 07 FRQ31 FCB 7 ;NO.-PULSE PERIODS IN 60 DEG SEG
._067 EC92 03 00 FDB 768. ;LENGTH OF PULSE PERIOD (USEC)
0677 EC94 15 00 FDB 5376 jLENGTH OF 60 DEGREE SEG (USEC

--0678 EC96 02 A2 FDB 674 SFMAX
0679 EC98 00 80 FDB 128 SFMIN
"0680 *PULSE WIDTHS
0681 EC9A 00 FE FDB 254 .DOM

06*032 EC9C 00 E9 FOB 23
- .0683 EC9E 01 OE FDB 270 DOM
'0684 ECAO 00 CF FDB 207
013685 ECA2 01 17 FDB 279 DOI'
0686 ECR4 00 SO FDB 176

-"0687 ECA6 01 IH FDB 282 ;DOM
..0688 ECA8 00 8D FDB 141
0689 *FREQUENCY TABLE FOR 32 HZ.
-0690
0691 ECRA 07 FRQ32 FCB 7 .NO.-PULSE PERIODS IN 60 DEG SEG

-0692 ECAB 02 ES FDB 744 .LENGTH OF PULSE PERIOD (USEC
0693 ECAD 14 58 FDB 5208 ;LENGTH OF 60 DEGREE SEG (USE

* 0694 ECAF 02 8C FDB 652 ;SFMAX
--695 ECB1 00 80 FDB 128 ;SFMIN
0696 *PULSE WIDTHS
'0697 ECB3 00 FE FDB 254 DOM
0698 ECB5 00 E9 FDB 233
0699 ECB7 01 OE FDB 270 ;DOM
0700 ECB9 00 CF FDB 207
0701 ECBS 0± 17 FDB 279 iDON
0702 ECBD 00 80 FDB 176
0703 ECBF 01 I FDB 282 ;DOM
704 ECC1 00 8D FDB 141

.. 705 *FREQUENCY TABLE FOR 33 HZ.
0706

r-0707 ECC3 07 FRQ33 FCB 7 ;NO.-PULSE PERIODS IN 60 DEG SEG
1708 ECC4 02 D2 FDB 722 ;LENGTH OF PULSE PERIOD (USEC
0709 ECC6 13 BE FDB 5054 ;LENGTH OF 60 DEGREE SEG (U
0710 ECC8 02 78 FDB 632 ;SFMRX
711 ECCA 0 80 FDB 128 ,SFMIN

1 .0712 *PULSE WIDTHS
0713 ECCC 00 FE FDB 254 ;DOM

-07 14 ECCE 00 E9 FDLB 233

110715 ECDO 01 OE FDB 270 ;DOM

.1-1-5-



AI 600 FTBL PAGE 8014

ASM Vi. I

SEQ LOC OBJ SOURCE

0716 ECD2 00 CF FDB 207 L
0717 ECD4 01 17 FDB 279 ;DOM
0718 ECD6 00 60 FDB 176
0719 ECDO 01 IA FDB 282 ;DOM
0G20 ECDA 00 8D FDB 141
0721 *FREQUENCY TABLE FOR 34 HZ.
0722 *
0723 ECDC 07 FRU34 FCB 7 sNO.-PULSE PERIODS IN 60 DEG SEG
0724 ECDD 02 BC FDB 700 ; LENGTH OF PULSE PERIOD (USEC)
0725 ECDF 13 24 FDB 4900 ;LENGTH OF 60 DEGREE SEG (USe"
0726 ECEI 02 64 FDB 612 ;SFMtiX

0727 ECE: 00 80 FDB 128 ;SFMIN
0728 *PULSE WIDTHS
0729 ECE5 00 FE FDB 254 jDOM
0730 ECE7 00 E9 FDB 233
0731 ECE9 01 OE FDB 270. jDOM
0732 ECEB 00 CF FDB 207
0733 ECED 0± 17 FDB 279 ;DOM
0734 ECEF 00 BO FDB 176
0735 ECFI 01 IR - FDB 282 DOm
0736 ECF3 00 8D FDB 141

0737 *FREQUENCY TABLE FOR 35 HZ.
0738 *
0739 ECF5 07 FRQ3.5 FCB 7 jNO.-PULSE PERIODS IN 60 DEG SEG
0740 ECF6 02 A8 FDB 680 ;LENGTH OF PULSE PERIOD (USE
0741 ECFS 12 98 FDB 4760 ;LENGTH OF 60 DEGREE SEG (U
0742 ECFA 02 52 FDB 594 . SFMAX
0743 ECFC 00 80 FDB 128 ,SFMIN
0744 *PULSE WIDTHS
0745 ECFE 00 FE FDB 254 ,DOM
0746 EDOO 00 E9 FDB 233

0747 ED02 01 OE FDB 270 ;DOM
0748 EDO4 00 CF FDB 207
0749 ED06 01 17 FDB 279 ;DOM
0750 ED08 0 BO FDB 176
0751 EDOR 01 1A FDB 282 ;DOM
0752 EDOC 00 8D FDB 141
0753 *FREQUENCY TABLE FOR 36 HZ.
0754 *
0755 EDOE 07 FRQ36 FCB 7 ; NO.-PULSE PERIODS IN 60 DEG-SEQ
0756 EDOF 02 95 FDB 661 ;LENGTH OF PULSE PERIOD (USE
0757 EDit 12 13 FDB 4627 LENGTH OF 60 DEGREE SEG (U
0758 ED13 02 40 FDB 576 ,SFMRX
0759 ED15 00 80 FDB 128 ;SFMIN
0760 *PULSE WIDTHS
e761 ED±7 00 FE FDB 254 sDOM
0762 ED19 00 E9 FDB 233
0763 EDIB 01 SE FDB 270 iDOM
0764 EDID 80 CF FDB 207
0765 EDIF 01 17 FDB 279 ;DOM
0766 ED21 00 80 FDB 176
0767 ED23 01 1A FDB 282 iDON

0768 ED25 00 8D FDB 14l
0769 *FREQUENCY TABLE FOR 37 HZ.
07?0 *

•S7
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SEQ LOC OBJ SOURCE

,,0771 ED27 07 FRQ37 FCB 7 NO.-PULSE PERIODS IN 60 DEG SEG
0772 ED28 02 64 FDB 644 iLENGTH OF PULSE PERIOD (USEC)

"-0773 ED2A 1 9C FDB 4508 ;LENGTH OF 60 DEGREE SEG (USEC.
0774 ED2C 82 31 FDB 561 ;SFMAX
0775 ED2E 00 80 FDB 128 ;SFMIN

-. 0776 *PULSE WIDTHS
0777 ED30 80 FE FDB 254 ;DOM

- .0778 ED32 00 E9 FDB 233
0779 ED34 01 OE FDB 270 DO1

-0780 ED36 80 CF FDB 207
.,0781 ED38 01 17 FDB 279 ;DOM

0782 ED3A 00 BO FDB 176
0783 ED3C 01 1A FDB 282 ;DOM
0784 ED3E 88 8D FDB 141

S0785 *FREQUENCY TABLE FOR 38 HZ.
0786 *
0787 ED40 07 FRQ38 FCB 7 ;NO.-PULSE PERIODS IN 60 DEG SEG

. 0788 ED41 02 73 FDB 627 ;LENGTH OF PULSE PERIOD (USEC)
0789 ED43 1± 25 FDB 4389 .LENGTH OF 60 DEGREE SEG (USEC)j

-- 0790 ED45 02 22 FDB 546 ;SF14AX

0791 ED47 08 88 FDB 128 ;SFMIN
0792 *PULSE WIDTHS

._0793 ED49 00 FE FDB 254 ;DOM
0794 ED4B 80 E9 FDB 233

- '0795 ED4D 81 OE FDB 270 DO1
0796 ED4F 08 CF FDB 207

--0797 ED51 01 17 FDB 279 ;DOM
..0798 ED53 88 BO FDB 176
0799 ED55 0 18 FD8 282 ;DOM

-- 0800 ED57 00 8D FDB 141
0801 *FREQUENCY TABLE FOR 39 HZ.
0'882 *

0803 ED59 07 FRQ39 FCB 7 ;NO.-PULSE PERIODS IN 68 DEG SEG
0804 ED5A 02 63 FDB 611 ;LENGTH OF PULSE PERIOD (USEC)
-0805 ED5C 10 B5 FDB 4277 ;LENGTH OF 60 DEGREE SEG (USEC4
0806 ED5E 02 13 FDB 531 ;SFMAX

0887 ED60 00 88 FDB 128 ;SFMIN
888 *PULSE WIDTHS
0809 ED62 00 FE FDB 254 jDOM
0810 ED64 00 E9 FDB 233
V811 ED66 01 OE FDB 270 ;DOM
-0812 ED68 00 CF FOB 207
0813 ED6A 01 17 FDB 279 ;DOM

r 0814 ED6C 00 B0 FDB 176
0815 ED6E 018 FDB 282 ;DOM
0816 ED70 08 8D FDB ±41
0817 *FREQUENCV TABLE FOR 48 HZ.

f!88 *

0819 ED72 07 FRQ40 FCB 7 ;NO.-PULSE PERIODS IN 60 DEG SEG
0820 ED73 02 53 FDB 595 ;LENGTH OF PULSE PERIOD (USEC)

f821 ED75 10 45 FDB 4165 ;LENGTH OF 60 DEGREE SEG (USE
1822 ED77 02 05 FDB 517 ;SFMAX
0823 ED79 00 80 FDB 128 sSFMIN
1824 *PULSE WIDTHS

13825 ED78 00 FE FDB 254 .DOM

.fl
pr-
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8826 ED7D 80 E9 FDB 233
0827 ED7F 01 GE FDB 270 DOM
0828 EDSI 80 CF FDB 287
0829 ED83 81 17 FDB 279 ;DOM
0830 ED85 00 88 FDB 176
0831 ED87 01 1A FDB 282 ;DOM
0832 ED89 00 8D FDB 141
0833 *FREQUENCY TABLE FOR 41 HZ.
0834 *
0835 ED8B 07 FRQ41 FCB 7 sNO.-PULSE PERIODS IN 60 DEG SEG
0836 EDSC 82 45 FDB 581 sLENGTH OF PULSE PERIOD (USE(
0837 ED8E 8F E3 FDB 4867 ;LENGTH OF 60 DEGREE SEG (USEC.
0838 ED90 81 F8 FDB 504 sSFMAX
0839 ED92 80 80 FDB 128 ;SFMIN
0848 *PULSE WIDTHS
0841 ED94 00 FE FDB 254. DOM
0842 ED96 80 E9 FDB 233
8843 ED98 01 GE FDB 270 1DOM
0844 ED9A 00 CF FDB 207
0845 ED9C 81 17 FDB 279 ;DOM
8846 ED9E 88 80 FDB 176
0847 EDRO 01 1A FDB 282 ;DOM
0848 EDA2 00 8D FDB 141
0849 *FREQUENCY TABLE FOR 42 HZ.
0858 *
8851 EDA4 05 FRQ42 FCB 5 ;NO.-PULSE PERIODS IN 68 DEG SEG
8852 EDR5 03 1A FDB 794 ;LENGTH OF PULSE PERIOD (USE(
0853 ED87 OF 82 FDB 3970 ;LENGTH OF 60 DEGREE SEG (USE
8854 EDA9 01 F2 FDB 498 ;SFMAX
0855 EDAB 0 80 FDB 128 ;SFMIN
0856 *PULSE WIDTHS
0857 EDAD 01 69 FDB 361 ;DOM
0858 EDAF 01 3F FDB 319
8859 EDBI 81 82 FDB 386 iDOM
8860 EDB3 01 88 FDB 264
0861 EDB5 01 8B FDB 395 ;DOM
8862 EDB7 00 C5 FDB 197
0863 *FREQUENCY TABLE FOR 43 HZ.
8864 *
0865 EDB9 05 FR043 FCB 5 sNO.-PULSE PERIODS IN 60 DEG SEG
0866 EDBA 03 87 FDB 775 ;LENGTH OF PULSE PERIOD (USEC
0867 EDBC OF 23 FDB 3875 ;LENGTH OF 60 DEGREE SEG (USE.
0868 EDBE 81 E5 FDB 485 ;SFMAX
0869 EDCO 86 80 FDB 128 ;SFMIN
8878 *PULSE WIDTHS
0871 EDC2 81 69 FDB 361 sDOM
0872 EDC4 01 !F FDB 319
0873 EDC6 01 82 FDB 386 sDOM
0874 EDC8 01 88 FDB 264
0875 EDCA 01 88 FDB 395 sDOM
8876 EDCC 08 CS FOB ±97
0877 *FREQUENCV TABLE FOR 44 HZ.
0878 *
0879 EDCE 05 FRQ44 FCB 5 ;NO.-PULSE PERIODS IN 68 DEG SEG
0880 EDCF 02 F6 FDB 758 ;LENGTH OF PULSE PERIOD (USE

S4-I
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SEQ LOC OBJ SOURCE

* 0881 EDD OE CE FDB 3790 ;LENGTH OF 60 DEGREE SEG (USEC'
0882 EDD3 01 DR FDB 474 ;SFMAX

--0883 EDD5 00 80 FDB 128 sSFMIN
,0884 *PULSE WIDTHS
"0885 EDD7 01 69 FDB 361 ;DOM

.0886 EDD9 01 3F FDB 319
0887 EDDB 01 82 FDB 386 ;DOM

S.0888 EDDD 01 08 FDB 264
0889 EDDF 01 88 FOB 395 ;DOM
0890 EDEI 00 CS FDB 197
0891 *FREQUENCY TABLE FOR 45 HZ.
0892 *
0893 EDE3 05 FRQ45 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SEG
0894 EDE4 02 E5 FDB 741 ;LENGTH OF PULSE PERIOD (USEC)
-0895 EDE6 OE 79 FDB 3705 ;LENGTH OF 60 DEGREE SEG (USECY
0896 EDEB 01 CF FDB 463. ;SFMAX
0897 EDER 00 80 FDB 128 ;SFMIN

* .0898 *PULSE WIDTHS
0899 EDEC 01 69 FDB 361 ;DOM
"0900 EDEE 01 3F -FDB 319
0901 EDFO 01 82 FDB 386 DOM
0902 EDF2 01 08 FDB 264
0903 EDF4 01 8B FDB 395 DOM
0904 EDF6 00 C5 FDB 197
•0905 *FREQUENCY TABLE FOR 46 HZ.

0906 *
"0907 EDF8 05 FR046 FCB 5 sNO.-PULSE PERIODS IN 60 DEG SEG
- 0908 EDF9 02 D5 FDB 725 jLENGTH OF PULSE PERIOD (USEC)
0909 EDFB OE 29 FDB 3625 ;LENGTH OF 60 DEGREE SEG (USEC

--0910 EDFD 01 C5 FDB 453 ;SFMAX
0911 EDFF 00 80 FDB 128 ;SFMIN

' 0912 *PULSE WIDTHS
- 0913 EEO1 01 69 FDB 361 ;DOM

0914 EE03 01 3F FDB 319
.0915 EE05 01 82 FDB 386 ;DOM
0916 EE07 01 08 FDB 264
-0917 EE09 01 8B FOB 395 ;DOM
09±8 EEOB 00 C5 FDB 197
0919 *FREQUENCY TABLE FOR 47 HZ.
0920 *
0921 EEOD 05 FRQ47 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SEG
0922 EEOE 02 C5 FDB 709 jLENGTH OF PULSE PERIOD (USEC
0923 EE10 0D D9 FDB 3545 ;LENGTH OF 60 DEGREE SEG (US
'. 924 EEl2 01 BB FDB 443 ; SFMAX

1 925 EE14 00 80 FDB 128 ;SFM IN
0926 *PULSE WIDTHS

tr---0927 EE±6 01 69 FDB 361 ;DOM
S0928 EE±8 01 3F FDB 319
0929 EEIR 01 82 FDB 386 DOM
0930 EEIC 0± as FDB 264

0,931 EEIE 01 8B FDB 395 ;DOM
0932 EE2000 C5 FDB 197
0933 *FREQUENCY TABLE FOR 48 HZ.

W"834
( 3935 EE22 05 FRQ48 FCB 5 ; NO.-PULSE PERIODS IN 60 DEG SEG

lSs



RMI 6800 FTBL PAGE 008.

ASM V1.1

SEQ LOC OBJ SOURCE

0936 EE23 02 66 FOB 694 jLENGTH OF PULSE PERIOD (USEC
0937 EE25 OD 8E FDB 3470 ;LENGTH OF 60 DEGREE SEG (USEC.
0938 EE27 01 BI FDB 433 ;SFMRX
0939 EE29 80 80 FDB 128 ;SFMIN
0940 *PULSE WIDTHS
0941 EE2B 01 69 FDB 361 jDOM
0942 EE2D 01 3F FDB 319
0943 EE2F 01 82 FDB 386 .DO1M

0944 EE31 01 08 FDB 264
0945 EE33 01 88 FDB 395 ;DOM
0946 EE35 00 C5 FDB 197
0947 *FREQUENCY TABLE FOR 49 HZ.
0948
0949 EE37 05 FRQ49 FCB 5 jNO.-PULSE PERIODS IN 60 DEG SEG
0950 EE38 02 AS FDB 680 ;LENGTH OF PULSE PERIOD (USEC)
0951 EE3A OD 48 FDB 3400 ;LENGTH OF 60 DEGREE SEG (USEC
0952 EE3C 01 AS FDB 424 ;SFMAX
0953 EE3E 00 88 FDB 128 -SFMIN
0954 *PULSE WIDTHS
0955 EE40 01 69 -FDB 361 ;DOM
0956 EE42 01 3F FDB 319
8957 EE44 01 82 FDB 386 ;DOM
0958 EE46 81 08 FDB 264
0959 EE48 81 88 FDB 395 ;DOM
0960 EE4A 08 C5 FDB 197
0961 *FREQUENCY TABLE FOR 50 HZ.
8962 * BU
0863 EE4C 05 FRQ50 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SEG
0964 EE4D 02 98 FDB 667 ;LENGTH OF PULSE PERIOD (USEC)
0965 EE4F OD 07 FDB 3335 ;LENGTH OF 60 DEGREE SEG (USExl
0966 EE51 01 9F FDB 415 ;SFMAX
0967 EE53 00 80 FDB 128 ;SFMIN
0968 *PULSE WIDTHS
0969 EE55 01 69 FD8 361 ;DON
0970 EE57 01 3F FDB 319
0971 EE59 01 82 FDB 386 jDON
0972 EE5B 01 08 FDB 264
0973 EE5D 01 SB FDB 395 ;DON
0974 EE5F 00 C5 FDB 197
0975 *FREQUENCY TABLE FOR 51 HZ.
0976
0977 EE61 05 FRQ51 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SEG
0978 EE62 02 BE FDB 654 ;LENGTH OF PULSE PERIOD (USEC)
0979 EE64 0C C6 FDB 3270 ;LENGTH OF 60 DEGREE SEG (USE
0980 EE66 01 97 FDB 407 ,SFMRX
0981 EE68 00 80 FDB 128 ;SFMIN
0982 *PULSE WIDTHS
0983 EE6R 01 69 FDB 361 jDOM
0984 EE6C 01 3F FDB 319
0985 EE6E 01 82 FDB 386 jDOM
0986 EE70 01 08 FD8 264
0987 EE72 01 8B FD8 395 ;DOM
0988 EE74 00 C5 FD 197
0989 *FREQUENCY TABLE FOR 52 HZ.0990 *

- _5 l I I I-i- - i- , --- .- -
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WO99i EE76 05 FRQ52 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SE
0992 EE7T7 02 81 FDB 641 ;LENGTH OF PULSE PERIOD (US

--0993 EE79 OC 85 FDB 3205 ;LENGTH OF 60 DEGREE SEG (U
, 00994 EETB 01 8F FDB 399 sSFMAX
,0995 EE7D 00 80 FDB 128 SFMIN

8_0996 *PULSE WIDTHS
0997 EETF 01 69 FDB 361 ;DOM

- 0998 EE81 01 3F FDB 319
0999 EE83 01 82 FDB 386 ;DOM
-1000 EE85 01 08 FDB 264
.081 EE87 01 8B FDB 395 ;DOM
1002 EE89 00 C5 FDB 197
,1003 *FREQUENCY TABLE FOR 53 HZ.

* 11004 *
-1005 EEOB 05 FRQ53 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SEG
.1006 EEOC 02 75 FDB 629. ;LENGTH OF PULSE PERIOD (USE
1007 EESE eC 49 FDB 3145 ;LENGTH OF 60 DEGREE SEG (U

-.1008 EE90 01 87 FDB 391 ;SFAX
1009 EE92 00 80 FDB 128 ;SFMIN
-10:10 *PULSE-WIDTHS
,1011 EE94 01 69 FDB 361 ;DOM
1012 EE96 01 3F FDB 319

--1013 EE98 01 82 FDB 386 jDOM
1014 EE9 01 08 FDB 264
1015 EE9C 01 8B FDB 395 ;DOM
1016 EE9E 00 C5 FDB 197
=1017 *FREQUENCY TABLE FOR 54 HZ.

1019 EEAe 85 FRQ54 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SEG
--1020 EEA1 02 69 FDB 617 ;LENGTH OF PULSE PERIOD (USE
1021 EEA3 OC OD FDB 3085 ;LENGTH OF 60 DEGREE SEG (U
1022 EEA5 01 7F FDB 383 ;SFMNX

-1023 EEA7 00 80 FDB 126 SFMIN
1024 *PULSE WIDTHS

--1025 EEA9 01 69 FDB 361 ;DON
1026 EERB 01 3F FDB 319

''1027 EEAD 01 82 FDB 386 ;DOM
.1028 EERF 01 08 FDB 264
1029 EEB± 01 88 FDB 395 ;DOM

-1030 EEB3 00 C5 FDB 197
1031 *FREQUENCY TABLE FOR 55 HZ.
1032 *
1033 EEB5 05 FRQ55 FCB 5 ;NO.-PULSE PERIODS IN 60 DEG SEG
1034 EEB6 02 SE FOB 606 ;LENGTH OF PULSE PERIOD (USE

.1035 EEBS 0B D6 FDB 3030 ;LENGTH OF 60 DEGREE SEG C
1036 EEBA 01 78 FDB 376 SFMAX
-1037 EEBC 00 80 FDB 128 ;SFMIN

s038 *PULSE WIDTHS
'1039 EEBE 01 69 FD8 361 ;DOM
,1040 EECO 01 3F FDB 319
4041 EEC2 01 82 FDB 386 ;DOM

,042 EEC4 01 08 FDB 264
1043 EEC6 01 8B FDB 395 ;DOM
i044 EEC 00 C5 FD 5 191
1045 *FREQUENCY TABLE FOR 56 HZ.
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1046 *
1047 EECR 03 FRQ56 FCB 3 ;NO.-PULSE PERIODS IN 60 DEG SEG
1048 EECB 03 EO FDB 992 ;LENGTH OF PULSE PERIOD (USECI
1049 EECD OB RO FDB 2976 ;LENGTH OF 60 DEGREE SEG (USE
1050 EECF 01 79 FDB 377 ;SFMRX
1051 EED± 00 80 FDB 128 ;SFMIN
1052 *PULSE WIDTHS
1053 EED3 02 69 FDB 617 jDOM
1054 EED5 01 F7 FDB 503
1055 EED7 02 90 FDB 656 .DOM

1056 EED9 01 48 FDB 328
1057 *FREQUENCY TABLE FOR 57 HZ.
1058
1059 EEDB 03 FRQ57 FCB 3 NO.-PULSE PERIODS IN 60 DEG SEG
1060 EEDC 03 CF FDB 975 ;LENGTH OF PULSE PERIOD (USEC ,
1061 EEDE OB 6D FDB 2925 ;LENGTH OF 60 DEGREE SEG (USEC) :

1062 EEEO 01 72 FDB 370 jSFMAX
1063 EEE2 00 80 FDB 128 ;SFMIN
1064 *PULSE WIDTHS
1065 EEE4 02 69 -FDB 617 .DOm

1066 EEE6 031 F7 FDB 502
1067 EEE8 02 90 FDB 656 ;DON
1068 EEER 01 48 FDB 328
1069 *FREQUENCY TABLE FOR 58 HZ.
1070 *
1071 EEEC 03 FRQ58 FCB 3 ;NO.-PULSE PERIODS IN 60 DEG SEG
1072 EEED 03 BE FDB 958 jLENGTH OF PULSE PERIOD (USEC
1073 EEEF 08 38 FDB 2874 jLENGTH OF 60 DEGREE SEG (USE
1074 EEF1 01 6C FOB 364 ;SFfIAX
1075 EEF3 00 80 FDB 128 ;SFMIN
1076 *PULSE WIDTHS
1077 EEF5 02 69 FDB 617 ;DOM
1078 EEF7 01 F7 FDB 503
±079 EEF9 02 90 FDB 656 ;DOM
1080 EEFB 01 48 FDB 328
1081 *FREQUENCY TABLE FOR 59 HZ.
±082 *

1083 EEFD 03 FRQ59 FCB 3 sNO.-PULSE PERIODS IN 60 DEG SEG
1084 EEFE 03 RE FDB 942 sLENGTH OF PULSE PERIOD (USEC)
1085 EFOGO 08 OR FDB 2826 jLENGTH OF 60 DEGREE SEG (USE')
1086 EF02 01 65 FDB 357 ;SFMRX
1087 EFO4 00 80 FDB 128 ;SFMIN
1088 *PULSE WIDTHS
1089 EFO6 02 69 FDB 617 .;DOM
1090 EFO8 01 F7 FDB 503
1091 EFOR 02 90 FDB 656 ;DOM

1092 EFOC 01 48 FDB 328
1093 *FREQUENCY TABLE FOR 60 HZ.
1094 *
1095 EFOE 03 FRQ60 FCB 3 ;NO.-PULSE PERIODS IN 60 DEG SEG
1096 EFOF 03 9E FDB 926 LENGTH OF PULSE PERIOD (USEC1
1097 EFll OR DR FDB 2778 ;LENGTH OF 60 DEGREE SEG (USEwJ
1098 EF13 01 5F FDB 351 ; SFMAX
1099 EF15 00 80 FDB 128 ;SFMIN
1100 *PULSE WIDTHS

so1
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ASM V1. 1

SEQ LOC OBJ SOURCE

. 1101 EF17 02 6-; F[*,B 617 D [OM
110E- EF19 01 F7 FDB 503
1103 EFIB 02 90 F[:B 656 . DOM
1104 EFID 01 48 FDB _218
1105 END

1105 LINES ASSEMBLED.. LOC = EFIF, 0000 ERRORS DETECTED.

END ASM V1. 1

St
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SEQ LOC OE.J SOURCE

0001 NAM ,ICLS9

0 03 NCL - M' ILN CONT-ROL LOOP FOR PULSE WIDTH MODULATION *

0004 • *

0006

088i, :+ THIS MODULE CONTAINS THE M1AIN CONTROL LOOP TO

00; FERFORM THE FOLLUWING FUNCrIONS
0009 *
0o1u * . INITIHLiS;HI ION AT PWR ON
oc0ll * COMPUTATION OF E*
00i * OVERLOAD) DETECTION OF FEEDBACK
001 . KEYBOHRD MONIIOR FOR MANUAL CONTROL
0014 * RAMP UP/ RAMP [:,OWN IN FREQ.
0015 * LOW VOLI)HUE B+ DETECTION
0316 *

0017 THIS MOUILE IS EXECUTED ONLY DURING TIME MPU IS
0018 * WAITING " ON HN INTERRUPT.
0019 *

0020 -. INTERRUPT'S OCCUR EVERY PULSE PERIOD AND VECTOR
0021 PROCESSING TO PTIS ( $E000 )
0022 * THIS SCHEHE IS ADOPTED FOR ALL PWM MODIFICATION
0023 * EVERY PULSE PERIOD BASED ON B+
0024 *
0025 *1MEMORY LOCATIONS USED BY THIS MODULE
0026
0027 * (LOBAL;
0028 0001 MSTOP EQU $*001 ; UNIT STOPPED INDIC. (i=STOPPED)
0029 0002 MSTART EuU $00Ci'2 ;START UNIT CMND (1= TRY TO STARIv
0030 0003 OVRLD EQU $0003 ;OVERLOAD FLAG(I= OVERLOAD EXISTSI
003i 0004 INHIB EQU $0004 3.RESTART INHIBIT FLAG(I= INHIBIT)-
0032 0044 PIHCMD EQU $0044 ,PIA CP'i, (KEEPS FF PR/CLR:SC-P82e'
0033 0046 FCMID EQU $0046 ; COMMANDED OUTPUT FREQUENCY
0034 004C FOUT EQU $004C ;PRESENT OUTPUT FREQUENCY
0035 003A VSRAW EQLI $003A ; V* INPUT FROM FROM MPU 8 )
0036 004A BPRAW EQU $0048 B+ FROM A/D
0037 00<8 FCRAW EQU $0038 ;SPEED CMD FROM A/D NOT DETECTED
0i38 0020 DOMID EQU $0020 ;DOMINANT"S ID (0=A, i=B, 2=C)
0039 0022 DPF EQU $0022 , DOMINANT"S POLARITY ( 0=+, FF=-
0040 0024 J EQU $0024 ;FLAG/WAY TO USE COMPL.
0041 OOCO F6EGOL EQU "OOco ;START 60 DEG SEG FLAG(I=START)
0042 C (+=ST ODD/2ND EVEN,-=IST EVEN/2ND ODD
0043 00C8 FTINCR EQU $00C8 FREQ TAB POSN. (+4=iST HALF, -4=2

0044 0051 MONFG EQU $0051 ; MON CONNECTED FLAG (I=CONN, 0=
0045 gOC5 NPPCT EQU SO0OCs ;NO. OF P.P. S LEFT IN SEGMENT
0046 00E6 NORFG EQU $OOE6 ; NORM OPER. FLAG (O=USE NORM, I=
0047 00E7 VSFLG EQU $OOE7 ;V* FLAG (O=USE MPB,i=FROM KBD)
0048 EOOO PTIS EQU $E000 j TIMER INTERRUPT SERVICE ROUTINE
0049 OOLI FTPNW EQU suoCi ; NEW FREQUENCY TABLE POINTER
0050 0006 OVLDI EQU $0006 , OVRLD COND FL8G(i=OVLD, 10/.<OL<i
0051 00E8 INDEX EQU $E8 , FREQ TABLE INDEX MS OF ADDRESS
0052 03C3 FTPTR EQU $00C3 ,FREQ TAB POINTER-PRESENT POSITI
0053 6000 ACIAC EQU $6000 ;HCIA CONTROL REGISTER

..-.
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S i, EQ LOC OBJ SOURCE

''0055 0009 DIRCmD EQU $0009 . CCW DIR CMD FLG (I=CCW)

.0056 00i0 DIROUr EQU $3010 CCW DIR OUT FLG 'j.=CCW)
0057

. .0058 ( LOCALS)

0059

* 0060 0050 SPFL6 EQU $0050 ,B+ FLHG (0=B+<80, 1=B+>80)

* .0061 0048 VSTHR EQU $0648 ;VSTAR CONTROLLED BY KEYBOARD

0062 00EA ESOC EQU $00EA ;ADDRESS OF E* OVERLOAD CALC VALUE

•0063 0005 K EQU $05 ;K=32; FILTER CONSTANT, FC=XXX HZ

0064 OOFO AVE EQU 00FO ,ADDRESS LOC FOR FILTER YN

0065 0001 ESMM EQU $01 E* MAX MS VALUE (195)

.0066 0000 ESML EQU $00 ; Es MAX LS

0067 0000 ESIMM EQU 00 , Es LOWER M4AX MS (65)

--0068 0080 ESIML EQU $80 ,Es .. . LS

0069 003C ESTAR EQU $003c ;E* VALUE - NOW

0070 OFO YN EQU AVE ,Es AVE PREVIOUS CALCULATION

0071 00CA FTPNT EQU $00CA ;TEMP LOC FOR NEW POINTER ADDR

0072 0040 ESRT EQU $0040 ,E* TEMP LOC FOR SF (I+V*/8)

--0073 0OFO OVCMP EQU *00F0 ,OVERLOAD COMPARISON VALUE

0074 GODS VPADDR EQU $00D8 ,V* PEAK TABLE POINTER ADDR

"0075 00DB VSREF EQU $00DB ,V* MAX FOR "F"

3.0076 G0EF OUTCTL EQU *EF .V* OUT OF CONTROL - LS

0077 OOD OUTCTM EQU $0D ;V* OUT OF CONTROL - MS

.-0078 005A SHTDN EQU $005A ,ADDR SHUT DOWN FLAG

007.9 *
* 0080 *

0081 (I/O ADDRESSES)

0082 5
.-0083 5000 PIA EQU $5000 ;PIA ADDRESS

0084 4000 PTMI EQU $4000 jPTMIl ADDRESS

-"0085 3000 PTM2 EQU $3000 ;PTt*12 ADDRESS

0086 2007 WLATCH EQU $2007 ;" W LATCH FOR MPB

* 0087 6000 ACIAS EQU $6000 ;ACIA STATUS REG

.0088 6001 RCIAD EQU $6001 ;ACIA DATA REG

0089
0090 s
0091
0092 0001 LSYrB I

-'* ... '_". . . .. . . .. . .... . ..I.. .
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SEQ LOC OBJ SOURCE

0094 *

0095
0096 * PROGRAM INITIALIZATION ROUTINE *

0097 * **** ** ********
0098 *
0099 D800 ORG $D800
0100
0101 * ZERO RAM -- LOCS 0 THRU $03FF
0102 * PRESERVE MONITOR CONNECTED FLAG $0051
0103 * NORMAL OP FLAG $00E6
0104 * V* FLAG *00E7
0105 *

0106 0800 OF INIT SEI ODISABLE INTERRUPTS
0107 D801 96 51 LDA A MONFG ;LOAD MONITOR CONN FLAG
0108 0803 DE E6 LDX NORFG 1 LOAD NORM OP & V* FLAGS
0109 D805 B7 FFED STA A $FFED ;TEMP STORE FLAG
0110 D808 FF FFEE STX $FFEE iTEMP STORE FLAGS
0111 D80B 4F CLR A jSET CLR VALUE
0112 D80C CE 0000 LDX #0 ;LOAD BOTTOM ADDRESS
0113 D8SF A7 00 INITi STA A 00,X ;CLEAR RAM LOC
0114 D811 08 INX iCHANGE ADDRESS
0115 D812 SC 03FF CPX #$03FF ;TEST FOR LAST ADDRESS DONE
0116 D815 26 FS BNE INITI ;SKIP IF MORE ADDRESSES
0117 D817 B6 FFED LDA A $FFED 1 BRING FLAG BACK
0118 DAIA CE FFEE LDX #$FFEE sBRING FLAGS BACK
0119 DID 97 51 STA A MONFG ;RESTORE MON CONN FLAG
0120 DSIF DF E6 STX NORFG .RESTORE NORM OP & V* FLAGS
0121 *
0122 * SET THE STACK POINTER
0123 *
0124 D821 SE FF00 LDS #$FFOO
0125 *

0126 * SET IRQ POINTER TO THE START OF THE PULSE TIMER
0127 * MODULE INTERRUPT SERVICE ROUTINE
0128 *
0129 D824 CE EGOO LDX #PTIS ;GET VALUE
0130 0827 FF FFF8 STX $FFFS ;SET IRQ VECTOR
0131 *
0132 * INITIALIZE THE TIMERS AND SET THE UNIT STOPPED FLAG
0133 *

0134 D82A BD DABO JSR TRESET ;TIMER RESET ROUTINE
0135 D82D 86 01 LDA A #1
0136 D82F 97 01 STA A MSTOP ;SET UNIT STOPPED FLAG
0137 *
0138 * SET OVERLOAD INDICATOR OFF<VIA PIA) BY "PMON" ROUTINE
0139 * PIA HAS BEEN SET UP PA = ALL INPUTS
0140 * PB = 6 OUTPUTS + 1 INPUT
0141 *

0142 D831 86 34 LDA A #$34 ;SET OC WORD FORMAT
0143 D833 B7 5003 STA A PIA+3 ;TURN OL OFF THRU CRB OF PIR
0144 * ENABLE INTERRUPTS AND ENTER THE MAIN CONTROL LOOP
0145 *
0146 D836 OE CLI
0147 D837 20 47 BRA MCL
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0149
'0150 MCL--MRIN CONTROL LOOP FOR THE PWM UNIT CONTROLLER
0151
0152*

S0153 D880 ORG $D880
0154 *
0155 *
0156 * FIRST TEST IF THE UNIT IS STOPPED
0157 *
0158 D880 96 01 MCL LDA A MSTOP jGET UNIT STOPPED INDIC
0159 D882 27 17 BEQ MCL02 iSKIP IF RUNNING
-0160 *
0161 *

"_0162 * UNIT START-UP CONTROL
.0163 *

0164 *
-- 0165 * THE UNIT IS STOPPED. CHECK THE FREQUENCY COMMAND

0166 * TO SEE IF THE OPERATOR WANTS IT STARTED.
0167 * INPUT A COMMAND FROM KEYBOARD OR READ AND CONVERT
0168 * SPDCHD FROM A/D
0169 D884 BD DCAO JSR ADIN .INPUT FCMD FROM A/D

-0170 D887 BD DCE3 JSR CSPDC .INPUT STORE FCMD
0171 D88A 96 46 LDA A FCMD jTEST FOR NON-ZERO

-- 0172 D88C 26 05 BNE MCLOI .IF NON-ZERO, TRY TO START
0173 *
0174 *

.0175 * FREQUENCY COMMAND IS EQUAL TO 0. CLEAR THE RESTART
0176 * INHIBIT FLAG TO ALLOW UNIT STARTUP. THE RESTART

-- 0177 * INHIBIT FLAG IS SET BY THE OVERLOAD PROTECTION
0178 * ROUTINE IF AN OVERLOAD CONDITION HAS FORCED

'-0179 * UNIT SHUTDOWN. THE OPERATOR MUST COMMAND "OFF"(FCMD=O)
. .0180 * TO CLEAR THE FLAG AND THEN COMMAND THE UNIT TO START

0181 *
-0182 D88E 7F 0004 CLR INHIB JCLEAR THE INHIBIT FLAG
0183 D891 20 ED BRA MCL ;SKIP BACK TO TRY AGAIN
0184 *
0185 *
0186 * OPERATOR HAS COMMANDED UNIT STARTUP. TEST THE RESTART
0187 * INHIBIT FLAG TO SEE IF WE WILL LET HIM.
6188 * IF STARTUP IS O.K. SET THE START UNIT FLAG
0189 *
0190 D893 96 04 MCL01 LDR A INHIB ;UNIT RESTART INHIBIT FLAG
0191 D895 26 E9 BNE MCL .BRANCH BACK IF SET
-0192 D897 86 01 LDA A #1 ;ELSE, SET START UNIT FLAG
0193 D899 97 02 STA A MSTART ;SET UNIT START FLAG
0194 *
0195 * UNIT IS RUNNING
0196 *
0197 D89B BD DCE3 MCL02 JSR CSPDC .IN/CONVERT FCMD, B+,V*
0198

.11 I4-3 i• i iiN
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0200
0201 *
0202 *
0203 * CALL THE OVERLOAD PROTECTION ROUTINE TO PROTECT
0204 * THE UNIT IN CASE OF OVERLORD J
0205 * TESTS V* TO DETERMINE IF OVERLORD EXISTS
0206 * TESTS B+ TO DETERMINE IF TOO LOW (6+ <80 VOLTS)
0207
0208 *
0209 D89E BD DCOO JSR PROTCT sOPERATION PROTECT
0210 *
0211 * TEST PROTECT FLAGS TO DETERMINE IF FREQUENCY
0212 * SHOULD CHANGE
0213 *
0214 * IF MAX OVERLOAD EXISTS ------ RAMPDOWN
0215 * IF B+ < 80 V OR B+ > 140 V -- RAMPDOWN
0216 * IF OVERLOAD CONDITION I ---- DON'T CHANGE FREQUENCY
0217 *
0218 * IF NO PROTECT FLAGS TEST FREQUENCY
0219 * FOUT < FCMD R--------------RAMPUP
0220 * FOUT > FCMD RR--------------RMPDOWN
0221 * FOUT = FCMD -------------- DON'T CHANGE FREQUENCY
0222 *
0223 * IF FCMD = 0 THEN RAMP DOWN AT THE NORMAL RATE
0224 * I
0225 DSAi 96 46 LDR A FCMD ;LD FREQ COMMAND
0226 D8A3 27 12 BEQ MCLO3 jSKIP IF ZERO
0227 *
0228 * MAX OVERLOAD TEST
0229 *
0230 D8A5 96 03 LDA A OVRLD ;OVERLOAD INDICATOR
0231 D8A7 26 56 BNE OLRMPD ;SKIP FOR OVERLOAD RAMPDOWN
0232 *
0233 *
0234 *TEST TO SEE IF B+ INPUT IS LOW (<80 V) OR HIGH (>140 V)
0235 * IF IT IS, WE MUST TURN OFF BEFORE THE POWER SUPPLY
0236 * CRASHES.
0237 *
0238 D8A9 96 50 LDR A BPFLG jLD B+ FLAG
0239 * IF SET, RAMPDOWN
0240 D8AB 26 0A BNE MCLO3 ;BRANCH IF B+<80 OR >140V
0241 *
0242 * DETERMINE IF WE'RE AT COMMANDED OUTPUT FREQUENCY
0243 * COMPARE THE COMMANDED UNIT SPEED WITH THE ACTUAL
0244 * OUTPUT FREQUENCY - IF LOW RAMPUP
0245 * IF HIGH RAMPDOWN -

0246 IF THERE, DO NOTHING
0247 *
0248 DSAD 96 46 LDA A FCMD ;COMMANDED FREQUENCY
0249 D8RF 90 4C SUB A FOUT ;SUBTRACT OUTPUT FREQUENCY
0250 D881 27 iC BEG TFOUT sSKIP IF THERE(NO F CHANGE)
0251 D8B3 2B 02 BMI MCLO3 ;SKIP IF HIGH (GO DOWN IN F)

0252 D885 20 li BRA MCL04 ; SKIP TO RAMP UPK__--__ 4
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0254 *
S.-0255 *DECISION MADE TO GO DOWN IN FREQUENCY

0256 * WE GOT HERE BECAUSE 1.FCMD < FOUT
-- 0257 * OR 2. OVERLOAD EXISTS

0258 * OR 3.B+ < 80 VOLTS
" 0259 D857 BD DB86 MCL63 JSR RAMPDN ;RAMP DOWN FOUT

0260 DSBA 96 4C MCL3A LDR A FOUT ;LD OUTPUT FREQ
0261 DSBC 26 ii BNE TFOUT ;SKIP IF NOT "0"
.0262 *IF FOUT =0 FORCED BY OVERLOAD, SET RESTART INHIBIT FLAG
0263 *
6264 DSBE 96 03 LDR A OVRLD ;GET FLAG
.0265 DSCO 27 OD BEQ TFOUT SKIP IF OVRLD DIDN'T CAUSE
0266 DSC2 86 61 LDR A #1 ;SET FLAG VALUE
"0267 D8C4 97 64 STA A INHIB ;SET FLAG
0268 D8C6 20 07 BRA TFOUT ;SEE IF FOUT=6
0269 *

-- 0270 *DECISION MADE TO GO UP IN FREQUENCY
6271 * WE GOT HERE BECAUSE I. FCMD > FOUT

- 0272 * AND 2. OVERLOAD DOESNWT EXIST
0273 * AND 3.B+ > 80 VOLTS
0274 * MUST VERIFY PARTIAL OVERLOAD DOESN'T EXIST

.0275 *
0276 D8C8 96 06 MCL04 LDA A OVLDI ;LD FLAG

- -0277 DSCA 26 03 BNE TFOUT ,SKIP IF PARTIAL OVERLOAD
0278 D8CC BD DBOO JSR RAMPUP ;ELSE, RAMP UP OUTPUT FREQ

"-0279 *
0280 *
0281 * NEXT STEP AFTER CHANGING FOUT IS TO ADJUST THE FREQUENCY

..0282 * TABLE POINTER IF WE"RE NOT AT "0" FCMD
0283 *

--6284 * TEST THE OUTPUT FREQUENCY.
0285 *
0286 *

. 0287 D8CF 96 4C TFOUT LDA A FOUT ;OUTPUT FREQUENCY
0288 D8D± 27 23 BEQ STUNT ;IF=O, STOP THE UNIT
0289 *
0290 * THIS SECTION FINDS & STORES THE ADDRESS OF THE FREQUENCY
0291 * TABLE INDEX CORRESPONDING TO THE OUTPUT FREQUENCY
0292 * HENCE POINTS TO LOCATION FOR PW PARAMETERS (PTIS USES)
0293 *

* 0294 D8D3 D6 4C CHPTR LDA B FOUT ;OUTPUT FREQ
0295 D8D5 CO 66 SUB B #6 ;GET RID OF OFFSET
0296 DSD7 2A 62 BPL AINDX ;SKIP IF > 6 HZ
.0297 D8D9 C6 00 LDA B #00 ,SET TO MIN F=6
0298 D8DB 58 AINDX ASL B ,ACCOUNT FOR 2 BYTES/F
:0299 DSDC 86 ES LDA A #INDEX ,LD MS OF INDEX
0300 D8DE D7 CS STA B FTPNT+± ;STORE LS OF ADDR
636± DSEO 97 CA STR R FTPNT ;STORE MS OF ADDR
;0302 * CHANGE ADDRESS POINTER NOW THAT ITS' GENERATED
0303 DSE2 DE CA LDX FTPNT ;LD NEW POINTER
-364 DSE4 EE 00 LDX OX ;GET TABLE ADDRESS
6'0305 DOE6 DF C± STX FTPNW ;STORE NEW FT POINTER
0306 *
0307 * IF THE START UNIT FLAG IS SET, START THE UNIT FLAG

___ __ __ ___ __ __ -- - - --- a --
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0308 *
0309 DOSE8 96 02 LDA A MSTART ;START UNIT COMMAND FLAG
0310 D8EA 27 94 BEQ MCL ;IF ZERO, DON'T START
0311 *
0312 * START UNIT LOGIC
0313 *

0314 *
0315 DOEC BD DA20 JSR TSTART ;TIMER STARTUP ROUTINE
0316 DOEF 4F CLR A
0317 DOFO 97 02 STA A MSTART ;CLR START UNIT FLAG
0318 D8F2 97 01 STA A MSTOP ;CLR UNIT STOPPED INDIC
0319 DSF4 20 8A MCLCN BRA MCL
0320 *
0321 *
0322 * STOP UNIT LOGIC
0323 *
0324 *

0325 DSF6 BD DABO STUNT JSR TRESET ;TIHER RESET ROUTINE
0326 DSF9 7E DDA6 JP STROUT ;STOP ROUTINE
0327 DSFC 01 NOP
0328 DSFD 20 F5 BRA MCLCN ,BRA TO MCL CONNECT
0329 *
0330 * MAX OVERLOAD - RAMPDOWN SLOWLY
0331 *
0332 * IF SHUT DOWN FLAG SET - FORCE FOUT = 0
0333 *
0334 *
0335 D8FF 86 00 OLRMPD LDA A #$00
0336 0901 27 05 BEQ OLRMP1 ;SKIP IF IN CONTRL
0337 D903 7F 004C CLR FOUT jSET FOUT=O
0338 D906 20 62 BRA MCL3A sSKIP TO CONT SHUT DOWN
0339 D908 BD DB91 OLRMPI JSR SLWRD ;CALL RAMP DOWN SLOWLY
0340 D908 20 AD BRA MCL3A SKIP TO TEST FREQ

%

*1 --. - - - -Cd
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0342
-*0343 4 TSTART--TIMER STARTUP ROUTINE *

0344
-- 0345

0346 * THIS ROUTINE PERFORMS THE LOGIC NECESSARY TO INITIALIZE
0347 * THE TWO PULSE TIMER MODULES (PTM) AND BEGIN THE PWM OUTPUT.
0348
0349 DR20 ORG $DA20
0350
0351 DA20 OF TSTART SEI ,DISABLE INTERRUPTS
0352
.0353 * SET ALL THREE PTM #1 TIMERS FOR SINGLE SHOT MODE
0354 * AND APPLY INTERNAL RESET <IR)
-0355

0356 * CONTROL WORD: 1OiiOO=SINGLE-SHOT MODE, USE ENABLE CLOCK
- 0357 * =B2(HEX))16 BIT MODE,RESET ON GATE OR. RESET
-.0358 * INTERRUPT DISABLED/OUTPUT ENABLED
0359 *

--0360 DR21 86 B2 LDA A #$B2 ;SET THE CONTROL WORD
0361 DA23 B7 4001 STA A PTMI+i .INIT TIMER #2

-'0362 DR26 B7 4000 STA A PTMI jINIT TIMER #3
..0363 DA29 8A 01 ORA A #1 ;SET CTRL WD TO ENB #1
0364 DA2B B7 4001 STA A PTMI+I ;ENABLE WRITE TO CR ±

--0365 DA2E B7 4000 STA A PTM1 INIT TIMER #1 AND APPLY IR
0366 *

1"0367 * LOAD PTM#i LATCHES WITH MAX VALUE
0368 *
0369 DA31 CE FFFF LDX #$FFFF ;MAX COUNT

1.0370 DA34 FF 4002 STX PTMI+2 jTO TIMER#1 LATCHES
0371 DA37 FF 4004 STX PTMI+4 TO TIMER#2 LATCHES

--0372 DA3A FF 4006 STX PTMI+6 jTO TIMER#3 LATCHES

141I__ 'I fell
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0374 *
0375 * PULSE THE INTERNAL RESET BIT TO LOAD THE COUNTERS
0376 * FROM THE LATCHES
0377 *
0378 DR.D 64 FE AND A #$FE REMOVE IR
0379 DA3F B7 4000 STR A PTMi iWRITE IT TO PTM#l
0380 DR42 SA 01 ORA A #1 iRE-APPLY IR
0381 DA44 B7 4000 STR A PTMI jWRITE IT TO PTM#i
0382 *
0383 *
0384 *
0385 * INITIALIZE PTM#2 AND APPLY INTERNAL RESET TO PTM#2
0386 * TIMER #i: CONTINUOUS MODE, USE ENABLE CLOCK, 16 BIT MODE
0387 * RESET ON GATE .OR. RESET
8388 * INTERRUPT AND OUTPUT ENABLED
0389 * (USED AS INTERVAL TIMER FOR PWM)
.0390 *
0391 * TIMER #2: NOT USED
0392 *
0393 * TIMER #3 CONTINUOUS MODE, USE ENABLE CLOCK, 16 BIT MODE
0394 * RESET ON GATE .OR. RESET
0395 * INTERRUPT DISABLED, OUTPUT ENABLED
0396 * (USED AS BAUD RATE GENERATOR FOR ACIA)
0397 *
0398 * CONTROL WORD : 1101001X FOR ABOVE CONDITIONS
0399 * (=D2(HEX))
0400 * TIMER #1 - USED AS INTERVAL (PULSE PERIOD LENGTH) FOR PWM
0401 *
0402 DR47 5F CLR B
0403 DA46 F7 3001 STA B PTM2+1 ;WRITE CR2 TO SELECT CR3
0404 DA4B C6 92 LDA B #$92 TIMER #3 CONTROL WORD
0405 DA4D F7 3000 STA B PTM2 jINIT TIMER #3
0406 DR50 C6 01 LDA B #1
0407 DA52 F7 3001 STA B PTM2+1 SELECT CRI
0408 DA55 C6 D3 LDR B #$D3 ;TIMER #1 CONTROL WORD
0409 DA57 F7 3000 STA B PTM2 jINIT TIMER#l AND APPLY IR
0410
04±1 * LOAD PTM #2 TIMER #1 LATCHES WITH 794 MICROSECOND COUNT
0412 * COUNT FOR TPP WITH F=6 HZ
0413 *
0414 DRSA CE 0318 LDX #794
0415 DA5D FF 3002 STX PTM2+2 jCOUNT TO TIMER#l LATCHES
0416 *
0417 * PULSE THE INTERNAL RESET (IR) BIT TO LOAD PTM#2 COUNTERS .
0418 *

S0419 *-
0420 DA60 C4 FE AND B #$FE ,REMOVE INTERNAL RESET

0421 DA62 F7 3000 STRB PTM2 ;WRITE IT TO CR I ja

0422 DR65 CA 01 ORR B #1 ;RE-APPLY IR
0423 DA67 F7 3000 STA B PTM2 ;WRITE IT TO CR1

• ,. i * i ..
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0425
'-0426 * SET UP RAII LOCATIONS USED BY PULSE TIMER INTERRUPT SERVICE

0427 * ROUTINE <PTIS> TO START AT BEGINNING OF 60 DEGREE SEGMENT.
-0428 *

. .0429 DAGA 86 01 LDA A #+I ;SET FLAG VALUE
0430 DA6C 97 CO STA A F60DEG ;SET FLAG-60 DEG BOUND
0431 DA6E 97 20 STA A DOMID ;SET DOM ID =i=PHRSE B
0432 DA8 97 22 STA A DPF ;SET LAST PLILARITY= +
0433 D872 97 24 STA A J ;SET INDEX TO iST HALF
0434 DA74 CE 0004 LDX #+4 ;SET INC FOR FREQ TAB(EST HALF)
8435 DA77 DF C8 STX FTINCR ,SET IN MEM LOC

- .0436 D879 86 86 LDA A #$A6 ;SET PR/RST FF CMD
0437 DA7B 87 5002 STA A PIA+2 ,ENB FF'S TO PRESET

- 0438 DA7E 97 44 STA A PIACMD SAVE CMD
0439 C SECTION SETS UP FREQUENCY TABLE POINTERS
0440 DR80 CE ES88 LDX #$E888 -TOP OF TABLE(6 HZ)
8441 DAB3 OF Ci STX FTPNW ;SET NEW POINTER ADDR
0442 DR85 DF C3 STX FTPTR jSET EXISTING POINTER
-0443 DA87 CE E80 LDX #$E800 ;TOP OF INDEX
0444 DASA DF CA STX FTPNT jSET TEMP ADDR
0445 *

.0446 *

0447 * REMOVE THE INTERNAL RESETS TO ALLOW BOTH TIMERS TO OPERATE
-- 0448 * RESTORE THE INTERRUPT FLAG AND RETURN

0449 *

8458 DA8C 86 B2 LDA A #$62 ;CTRL WD PTM#1 Ti
.. 0451 DA8E C6 D2 LOA B #$D2 .;CTRL WD PTM#2 TI

0452 D890 B7 4808 STA A PTM± jREMOVE IR FROM PTM#l
-0453 DR93 F7 3000 STA 8 PTM2 ;REMOVE IR FROM PTM#2
0454 *

-0455 DA96 OE CLI ;ENABLE INTERRUPTS
*.0456 DA97 39 RTS ;RND RETURN

- * .*"
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0458 * * * * * * * * * * * * * * *
0459 * TRESET--TIMER RESET ROUTINE *
0460
0461 *
0462- DAO ORG $DAO
0463 *
0464 * THIS ROUTINE CONTAINS THE LOGIC TO RESET THE TIMERS AND
0465 * STOP THE PWM OUTPUT
0466 *
0467 DSBO OF TRESET SEI jDISABLE INTERRUPTS
0468 *
0469 *
0470 * DISABLE OUTPUT OF PTM#2 TIMER #1
0471 * ALLOW TIMER #3 TO OPERATE
0472 *
0473 DABI 86 0± LDA A #1
0474 DAB3 B7 3001 STA A PTM2+1 SELECT CR I
0475 DAB6 86 12 LDA A #$i2 sCODE TO DISABLE OUTPUT&IRQ
0476 DABS 87 3000 STA A PTM2 ;STOP TIMER #1
0477 *
0478 *
0479 * APPLY INTERNAL RESET TO CLEAR PTM#1
0480 *
0481 DABB 86 B3 LDA A #$63
0482 DRBD B7 4001 STA A PTMi+i $SELECT CRI
0483 DACO B7 4000 STA A PTM± ;APPLY INTERNAL RESET
0484 *
0485 *
0486 * OUTPUT FOUT=O TO "W" LATCH
0487 *
0488 DAC3 4F CLR A
0489 DAC4 87 2007 STA A WLATCH sOUTPUT TO W LATCH
0490 *
0491 * RESTORE INTERRUPT MASK FLAG AND RETURN
0492 *
0493 DAC7 OE CLI jENABLE INTERRUPTS
0494 DAC8 39 RTS

i 70
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0496 •
-.0497 * RHMP UP ROUTINE

0498 •
0499 DBOO ORG SEBOC
0500 *
0501 DBO0 D6 4D RRMPUP LOA B FOUT+i ,LD FOUT LS BYTE
0502 DE02 96 4C LDA A FOUT ,LD MS OF FOUT
0503 DB04 CB 01 ADD B #01 .INCR FOUT BY +1lWAS 2)
0504 DB06 89 00 ADC A #00 ,INCR MS
0505 DB08 81 3C CMP A #60 ,TEST FOR FOUT>60
0506 DBOA 2A 05 BPL SMOUT ,BRANCH IF FOUT>60
0507 DBOC D7 4D SFOUT STA B FOUT+l ,STORE NEW LS OF FOUT
0508 DBOE 97 4C STR A FOUT ,STORE FOUT MS BYTE
0509 DBIO 39 ERU RTS ;RETURN FROM RAMPUP
0510 DBII 5F SMOUT CLR B ;CLEAR FOUT LS BYTE

" 0511 DB12 86 3C LDA A #60 ;LD FOUT MS=60
0512 DB14 20 F6 BRA SFOUT ;BRANCH TO STORE FOUT
0513 *
-0514 *
0515 * RAMP DOWN ROUTINE
-0516 *
.0517 DB8o ORG $DB8o
0518 *

-0519 DB80 D6 4D RAMPDN LDA B FOUT+1 ,LD FOUT LS BYTE
0520 DB82 96 4C LDA A FOUT ,LD FOUT MS

--0521 DB84 CO 01 SUB B #01 ;DECR FOUT LS BY -I(WAS 2)
0522 DB86 82 00 SBC A #00 ,DECR FOUT t'15
0523 DB88 28 02 BPL ERD ;BRANCH IF FOUT IS +
.0524 DB8A 4F CLR A .LD 0 FOR FOUT
0525 DB8B 5F CLR B ,LD LS OF FOUT

--0526 DBSC D? 4D ERD STA B FOUT i ;STORE FOUT LS
0527 DBSE 97 4C STR A FOUT ,STORE 0 FOR FOUT MS- 0528 DB90 39 RTS ;RETURN FROM RAMPDN

-0529
0530 * SLOW RAMP DOWN ROUTINE - USED ONLY IN OVERLOAD
0531 *
0532 DB9 D6 4E SLWRD LDA B FOUT+2 ,LD LS OF FOUT
0513 DB93 96 4D LDA A FOUT+i ;LD MID BYTE OF FOUT
0534 D895 CO 80 SUB B #$80 ;DECR FOUT LS
0535 DB97 82 00 SBC A #$00 ;DECR MID BYTE
-0536 DB99 D7 4E STR B FOUT+2 ;SAVE LS FOUT
0537 DB9B 97 4D STA A FOUT+i ;SAVE MID
0538 DB9D D6 4C LDA B FOUT ,LD MS OF FOUT

* .0539 DB9F C2 00 SBC B #$00 ,DECR MS OF FOUT
0540 DBAI 2A 07 BPL ESRD ,SKIP TO END SLOW RAMP
.0541 DBR3 5F CLR B ;CLR FOUT VALUE
0542 DBA4 7F 004D CLR FOUT+1 ;CLR MID

ri0543 DBA7 7F 004E CLR FOUT+2 ,CLR LS
' 0544 DBAR D7 4C ESRD STR B FOUT ;SAVE MS OF FOUT
0545 DBAC 39 RTS ;RETURN TO MAIN STREAM

ZI-
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0547 *
0548 *
0549
0550 * PROTECTION ROUTINE
0551.
0552 *
0553 .C00 ORG $DCO0
0554 *

0555 * THIS SUBROUTINE CONTROLS FLAGS USED BY THE MAIN
0556 * PROGRAM CONTROL LOOP TO DETERMINE IF CONTROLLER
0557 * IS OPERATING WITHIN DESIRED CONSTRAINTS.
0558 *
0559 * OPERATIONAL CONSTRAINTS EXAMINED BY THIS SUBROUTINE
0560 * 8+ -- INPUT VOLTAGE
0561 * NORMAL OPERATION 80V < 8+ < 140V
0562 * LOW VOLTAGE B+ < 80V SET FLAG-RAMPDOWN
0563 * HIGH VOLTAGE B+ > ±40V SET FLAG-RAMPDOWN
0564 *

0565 * V* -- FEEDBACK ERROR FLAG ..OL LAMP/FOUT CTRL
0566 * V* .> ESMM SET ON RAMPDOWN
0567 * VSREF.:." V* K" ESMM RESET ON FOUT=FOUT
0568 * V* K VSREF RESET OFF FOUT=FCMD
0569 *
0570 * V* IS ERROR READ IN DIGITAL INTERFACE
0571 *
0572 DCO0 D6 4A PROTCT LDA B BPRAW . B+ RAW DATA
0573 DC02 Ci 50 CMP B #80 .- B+ - 80 V
0574 DC04 '23 09 BLS P"OLT jSKIP IF TOO LOW
0575 DC06 Ci 84 CMP B #*$4 .B 8+ - 140 V
0576 DC08 22 05 BHI PVOLT jSKIP IF TOO HIGH
0577 DCOA 7F 0050 CLR BPFLG ;CLR B+ PROBLEM FLAG
0578 DCOD 20 04 BRA ESPRT ;SKIP FOR E* FILTER
0579 *

0580 * B+ PROBLEM DETECTED
0581 * B+ IS EITHER LOW OR HIGH. IN EITHER CASE
0582 * WANT TO CAUSE RAMPDOWN BEFORE POWER SUPPLY
0583 * QUITS.
0584 DCOF 86 0± PVOLT LDA A #1 ; SET FLAG VALUE
0585 DC1± 97 50 STA A BPFLG ; SET FLAG

z.-
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0587 *
058, *NEX, T STEP IS V:* , OVERLOAD PROTECTION
0589 *

0590 * TEST IST TO SEE IF WE"RE OUT OF CONTROL
059± [:,*±13 96 48 ESPRT LDA A 'A YSTARF' .; L[', V* MS
059-2, .C15 D6 49 L[R B VSTAR+ ; LD V* LS
0593 .,0±7 CO EF SUE: B #OUTCTL .SUBT LS LIMIT
0594 DCI9 82 0D SE:C A #OUTCTM SUE:T MS LIMIT
0595 DI0± 2A 51 BPL OTCT .. SKIP IF >" LIMIT
05916 *DO COMPARISON OF V* TO TABLE VALUE FOR VSREF
0597 D0ID 96 4C LEA A FOUT .. L[' OUTPUT FREQUENCY
0598 DCiF 48 ASL A ;ACCOUNT FOR 2BYTES/F
05'9 DC20 C6 E4 LDA B #$E4 .. LD V* PEAK MS ADDR
0600 DC22 D7 DB STA B VSREF ;STORE AD[R MS
0601 DC24 97 DC STA A VSREF+I . STORE ADDR LS
0602 DC26 DE D LDX VSREF L', V* REF RD:,R
0603 1 * NOW DO COMPARISON
0604 DC28 86 0C LDA A *$OC L[ MAX CURRENT
0605 DC2A C6 00 LDA B #$00
0606 DC2C D 49 SUB B VSTAR-I- VSREF - V* LS
0607 DC2E 92 48 SBC A VSTAR .; VSREF - Vt: MS
0608 0C30 2H IF EPL NOLC SKIP IF NO OVR LD

r"

. *13
i _ _I_ _..II...
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0610 *
0611 DO PROTECT USING COMPARISON VALUE
0612 *
0613 DC:2 De? Ft PRTCTI STA B OVCMP+± ; TEMP STORE LS -COMPARISON
0614 DC34 9? FO STA A OVCMP ;TEMP STORE MS -COMPARISON
0615* TESTS IDENTIFY RANGE OF V* AVERAGE ERROR
0616 * IST TEST - IS IT > ESIMM ?
0617 *
0618 DC36 Cs 8 ADD B #ESIML jCMP - LS LOWER REF
0619 DC38 89 00 ADC A #ESIMM ;CMP - MS LOWER REF
0620 DC3A 2A OA BFL OLCI ;SKIP IF COND i
0621 * WE HAVE OVERLOAD - BUT HOW BAD
0622 * 2ND TEST - Is IT > ESMM 7
0623 *
0624 * IF FCMD=O WITH OVERLOAD (COND ± OR 2) - SHUTDOWN
0625 *
0626 DC3C D6 Fi LDA B OVCMP+i RELOAD LS
0627 DC3E 96 FO LDA A OVCMP ; RELOAD MS
0628 DC40 CS 00 ADD B #ESML $ CMP - E* MAX LS
0629 DC42 89 01 ADC A #ESMM CMP - E* MAX MS
0630 DC44 2 IE sMI OLCM ;SKIP IF MAX OVERLOAD
0631 * OVERLOAD IS VSREF K V* < ESMM
0632 * TURN ON OVERLOAD LAMP, SET OVERLOAD CONDITION ± FLAG
0633 * DON'T ALLOW FREQUENCY TO CHANGE CUP OR DOWN)
0634 DC46 86 3C OLCI LDA A #*3C ;LD OC LAMP ON CTRL WD
0635 DC48 B7 5003 STA A PIA+3 ;TURN LAMP ON
0636 DC48 97 06 STR R OVLD1 sSET OVRLD COND I FLAG
0637 DC4D 7F 0003 OLCIA CLR OVRLD ;CLR OVRLD FREQ CTRL
0638 DC50 39 RTS
0639 * NO OVERLOAD EXISTS. CLEAR BOTH OVERLOAD FLAGS
0640 * AND TURN OFF OVERLOAD LAMP
0641 *
0642 DC51 96 04 NOLC LDA A INHIB ;LD RESTART INHIBIT
0643 DC53 26 OE BNE NOLCC .SKIP PREVENT OLD CLR
0644 DC55 86 34 LDA A #$34 $LD OC LAMP CONTROL WD
0645 DC57 B7 5003 STA A PIA+3 ;TURN OL INDICATOR OFF
0646 DC5A 7F 0003 CLR OVRLD ;CLEAR OVERLOAD FLAG
0647 DC5D 7F 0006 CLR OVLD± $CLR COND 1 FLAG
0648 DC60 7F 005A CLR SHTDN $CLR SHUT DOWN FLAG
0649 DC63 39 NOLCC RTS

I -, 14 L
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- SEQ LOC OBJ SOURCE

0651 * OVERLOAD EXCEEDS MA'.. CAUSE RAMP DOWN
-0652 * SET BOTH OVERLOAD FLAGS AND TURN ON

0653 * OVERLOAD LAMP
0654
0655 D'C64 86 3C OLCM LDA A #:-C ; SET OL LAMP CTRL WD
0656 E:C66 B? 5003 STA A PIA+3 . TURN ON OL LAMP
0657 [.'C6. 97 03 STA A OVRLD ,SET FREQ CTRL FLAG

0658 DC6B 9? 06 STH A OVLDI SET CONDI FLAG
0659 DC6D 39 RTS
0666 *t OUT OF CONTROL <V* > OUTCT LIMIT)
0661 DC6E 86 SC OTCT LDA A #$SC ;SET FLAG
0662 DC70 9? 5A STA A SHTDN $ STORE FLAG
0663 DC?2 20 FO BRA OLCM ; SKIP TO SHOW OVRLD

7- 7

* * - - - - - - - - - -- - - --- * - - - --.-
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SEQ LOC OBJ SOURCE

0665 *

8666
0667 * ADIN--AiD CONVERTER INPUT ROUTINE
0668
0669
0670 * THIS SUBROUTINE IS USED ONLY TO START UP
0671 * SUBROUTINES FUNCTIONS ARE
8672 *

0673 * BRING IN B+ - BPRRW
0674 * BRING IN V* - VSRAW
0675 * BRING IN SPEED CMD - FCRAW
0676 *
0677 * THESE UNIT COMMANDS AND PARRMETEPS ARE REQUIRED
8678 * BY "MCL" TO DECIDE WHAT TO DO IF THE MONITOR
0679 * IS NOT CONNECTED
0680 *
0681 * START CONVERT ON B+ - THEN GET V* MS & LS
0682
0683 * INITIAL CONDITIONS START CONV = 0
8684 * B+ ADDRESS IS ENABLED
8685 *

0686 DCA8 ORG SDCAO
0687 *
0688 * START A/D CONVERTER - UNIT IS STOPPED
0689 * MUST SET PTM2 TIMER #1 TO RUN GENERATING INTERVAL
0690 * MODE FOR THIS TIMER MUST NOT INTERFERE WITH STOPPED
8691 * CONDITION.
0692 *
0693 * PTM2 T1 - MODE
0694 * 16 BIT COUNTER, SINGLE SHOT., INTERRUPT DISABLED
0695 * OUTPUT ENABLED, ALLOWED TO OPERATE
0696
0697 DCA8 86 01 RDIN LDA A #$01 ;SET CR2 CTRL WD
0698 DCA2 B7 3081 STA A PTM2+i ;ENABLE WR TO CRI
0699 DCA5 86 A2 LDA A #$A2 SET CR1 CTRL WD
0700 DCA7 B7 3800 STA A PTM2 jWR CR1 WD
0701 DCRA CE 0060 LDX #$0060 ;SET INTERVAL TO 96US
0702 DCAD FF 3082 STX PTM2+2 jSET COUNT TO Ti
0783 * CONTINUE WHILE A/D RUNS
0704 DCBO 86 77 LDA A #*77 ,LD CMD TO GET V*
0705 DCB2 B7 5002 STA A PIA+2 ,ENB TO GET V*
8706 DCB5 86 5000 LDA A PIA ,LD V* MS
8707 DCB8 97 3A STA A VSRAW .SAVE V* MS
0708 DCBA 86 75 LDA A #$75 .,LD CMD TO GET V* LS
0709 DCBC B7 5002 STA A PIA 2 ;ENB FOR V* LS
8710 DCBF B6 5000 LDA A PIA ,GET V* LS
0711 DCC2 97 3B STA A VSRAW+1 SAVE V* LS
0712 DCC4 86 76 LDA A #$76 ,LD CMD FOR B+
0713 DCC6 67 5002 STA A PIA+2 ;ENB B+
0714 * SET MUX ADDRESS FOR SPEED COMMAND
0715 DCC9 C6 72 LDA B #$72 ;MUX ADDR CHANGE
0716 DCCB 66 5000 LDA A PIA ;LD B+
0717 DCCE F7 5002 STA B PIA+2 ;ENB SPD CMD
0718 DCD± 97 4A STA A BPRAW ;SAVE B+

• lb



AMI 6800 MCLS9 PAGE 0018
ASH Vi. I
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0719 + BRING IN SPEED COMMAND
-6720 DCD3 86 60 LDA H #*60 ,SET CMD
"72± DCD5 B7 5t02 STA A PIA+2 j START CONV ON SPD CMD
0722 DCD8 C6 66 LDA #$66 , SET MUX ADDR CHANGE
0723 E:CDA 6 5000 LDA A PIA ; LD SPD CMD
0724 DCDD F7 5002 STA B PIA+2 ENB B+ AT MUX
0725 DCEO 97 38 STA A FCRAW s SAVE SPD CMD
0726 * ANALOG MUX ADDRESS HAS BEEN LEFT AT B+ ENABLED(PB2=I>
0727 * AND START CONVERT=O. REMEMBER THIS SINCE START
0728 CON.ERT IS INITIATED BEFORE ANY MORE ADDRESS CHANGES
0729 *
0730 . HAVE ALSO LEFT PR/RST IN NO CHANGE CONDITION
0731 DCE2 39 RTS

I, 77

* 1 - - ,
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SEQ LOC OBJ SOURCE

0734 +THIS SUBROUTINE ESTABLISHES FCM~D AND E* FOR USE BY
0735THEMAI COTRO LOO. T ACOMPISHTHIS FUNCTION

0736 * - THE FOLLOWING PROCESSES MUST HAPPEN

0737 * FCMD - GENERATION
0738 * DETERMINE IF KEYBOARD OR REAL INPUT IS USED
0739 * DOING THE CORRECT PROCESS FOR THE SOURCE OF
0740 * THIS DATA
0741 *
0742 * E* - GENERATION
0743 * DETER11INE IF KEYBOARD OR REAL INPUT IS USED
0744 * DOING CORRECT PROCESS FOR DATA SOURCE
0745 *
0746 * BOTH THESE PROCESSES REQUIRE MPA TO KNOW IF THE
0747 . KEYBOARD IS CONNECTED.
0748 *
0749 * IT IS KNOW THAT THE RAW DATA IR STORED AT
0750 BPRAW = B+ FROM A/D
0751 * FCRAW = SPEED COMMAND FROM A/D
0752 * VSRAW = V* FROM MPB
0753 *
0754 DCE3 96 51 CSPDC LDA A MONFG ;IS MONITOR CONNECTED
0755 DCE5 27 46 BEQ; NPROC ;SKIP IF NO KBD AVAILABLE
0756 DCE7 20 17 BRA RACIA ;SKIP FOR KBD INPUT
0757 *

0758 * SECTION READS KEYBOARD TO SEE IF THERE S ANY NEW
0759 * INSTRUCTIONS FOR THE MANUAL OPERATION OF THE UNIT
0760 *
0761 * AVAILABLE MANUAL CONTROLS
0762 *
0763 * "+" = ADVANCE FREQ CMD (FCMD) BY I HZ.
0764 * ... = DECREMENT FREQ CMD (FCMD) BY I HZ.
0765 * "A" = INCREASE OUTPUT VOLTAGE(SF> BY (XXX) VOLTS
0766 * "D" = DECREASE OUTPUT VOLTAGE(SF) BY (XXX) VOLTS
0767 * "V" = USE V* FROM MPB TO OPERATE (CLOSE LOOP)
0768 * "R" = RAMP DOWN TO 0 SPEED AND REVERSE
0769 * MOTOR DIRECTION FLAG
0770 *
0771 * "R" MODE CANCELED BY HITTING "+"f, ...., "A",OR "D"
0772 * "V" MODE CANCELED BY HITTING "A" OR "D"
0773 *
0774 DDOO ORG $DDOO
0775 *
0776 DDOO 86 6000 RACIA LDA A ACIAS ,LD ACIA STATUS
0777 DDO3 47 ASR A ,CARRY=RDRF
0778 DD04 24 ID BCC RTRA ;BRANCH IF NO CHANGE
0779 DD06 B6 6001 LDA A ACIAD ;LD CHAR
0780 DD09 84 7F AND R #$7F ;STRIP PARITY
0781 DDOB 81 52 CMP A #"R ,TEST FOR REVERSE I
0782 DDOD 27 54 BEQ NRMO ,BRANCH IF REVERSE
0783 DDOF 81 2B CMP A #,+ ,TEST FOR INCR FREQ
0784 DDII 27 58 BEQ IFCD ;BRANCH TO INCR FREQ
0785 DD13 81 2D CMP A #'- ;TEST FOR DECR FREQ
0786 DD15 27 5C BEQ DFCD ;BRANCH TO DECR FREQL______79 :
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ASM V1. I

'SEQ LOC OBJ SOURCE

0787 DD17 81 56 CMP A #"V .TEST FOR CLOSED LOOP
* -0788 DDI9 27 62 BEQ UVSTAR ,SKIP TO USE MPB-V*
0789 DDIB 81 41 CMP A #"A ;TEST FOR ADV V*
0790 DDID 27 63 SEQ RVSTAR ;SKIP TO ADV V*
0791 DDIF 81 4 CI'IP A #"'* jTEST FOR DECR V*
0792 DC-21 27 71 BEQ DVSTAR jSKIP TO DECR V*
0791 * CHARACTER NOT VALID OR NO CHANGE FROM KEYBOARD
0794 * MUST RLWAYS DO E* CALCULATION
0795 *

0796 DD23 96 E6 RTRA LDA R NORFG .LD NORM OP FLAG
0797 DD25 27 06 SEQ NPROC sSKIP FOR NORM OP
0798 DD27 96 E7 LDA A VSFLG jLD V* FLAG
0799 DD29 27 16 BEQ VSPROC ;SKIP FOR CLOSED LOOP OP
0800 DD2B 20 ID BRA ESC j COMPUTE E*
0801 *
0802 * NORMAL PROCESSING - KEYBOARD IS NOT CONNECTED
0803 *
0804 * IST OPERATION - DETERMINE FREQUENCY COMMAND

-0805 * THIS BRANCH MAY ALSO BE REACHED IF NORMAL MODE
0806 * "N" IS CHOSEN FROM KEYBOARD

- 0807 *
. 0808 *

0809 * SPEED INPUT IS DIGITAL AT PIA
0810 * FORMAT IS 87 86 65 B4 53 62 BI 0
0811 * REV UP DN MON X X X X
0812 *
0813 * TOGGLE SWITCH INPUT FOR RAMPING UP SPEED, RAMPING DOWN
0814 * SPEED, OR REVERSING MOTOR DIRECTION

,0815 4

0816 DD2D 96 46 NPROC LDA A FCMD ,GET COMMANDED FREQ
-- 0817 DD2F 91 4C CMP A FOUT ;COMPARE WITH ACTUAL FREQ

0818 DD31 26 0E BNE VSPROC ,BRANCH IF NOT AT COMMANDED SPD
0819 DD33 D6 38 LDA B FCRAW sLD FREQ CMD-TOGGLE SWITCHES

.0820 DD35 C5 80 BIT B #$80 ;TEST FOR REVERSE
0821 DD37 27 28 BEQ NRMO ,IF BIT 7=0 REVERSE MOTOR
0822 DD39 C5 40 BIT B #$40 ,TEST FOR RAMP-UP SPEED
0823 DD3B 27 2A BEQ IFCDI ;IF BIT 6=0 INCREMENT SPD CMD
0824 DD3D C5 20 BIT B #$20 ;TEST FOR RAMP-DOWN SPEED
0825 DD3F 27 32 BEQ DFCD IF BIT 5=0 RAMP-DOWN SPEED

17.

Li,*----
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0827 4

0828 * FREQ CHO DONE - NEXT IS CALCULATE E*
0829
8830 * E* = I + V*/B+NO4M = I + V*,'128
0831 * V* FORMAT IS TWO BYTES AS
0832 *Bil B10 89 8 B7 B6 B5 B4 3 B2 B B 0 0 0 "
0833 • ±..5 .25 .125
0834
0835 * WILL BE USED WITH SF CALCULATION 7
8836 * SF SCALING ±43
0837 * 6±5 B4 613 612 Ell B10 89 B8 B7 B6 B5 B4 83 B2 8 BO
0838 * X X X X S 4 2 1..5 X X X X X X 2E-5
0839 *
0840 * ORIGINALLY V* HAD A SIGIFICANCECMEASURED BY OPERATION)
0841 * OF THE LSB = 0.125 VOLTS
0842 *
0843 * WILL SCALE V* SO THAT A "1" VOLT CHANGE AFFECTE; S.F.
0844 * THE SAME AS A "1" VOLT B+ CHANGE (MEANS LS 2 OF V*
0845 * ARE OF NO IMPORTANCE SINCE THEY FALL OFF
0846 *
0847 * V* SCALING * ------- A ------- * * --B--------*
0848 * VSRAW S S 5 32 16 8 4 2 1.5 .25 X 0 0 0
0849 * E* S 5 8 4 2 1..5.25 X X X X X X
0850 *
0851 * V*/±28 S32 16 8 4 2 t..5 S S S S S S S S
0852
0853 DD41 DE 3A VSPROC LOX VSR1W ;LO V*
0854 D43 OF 48 STX VSTAR jSTORE V* FOR CALC
0855 D45 CE 0200 LDX #*0200 ;V/F MOD 5-3-83
0856 DD48 20 16 BRA VOLTHZ
0857 DD4R 96 48 ESC LOR R VSTAR ;RELOAD MS V*
0858 D04C D6 49 LDA B VSTAR+i ;RELOAD LS V*
0859 DD4E CE 0003 LOX #$0003 ;LD SCALING CNT
0868 DD51 47 SVS ASR A SHIFT MS
0861 DD52 56 ROR B jSHIFT LS
0862 D53 09 DEX DECR SHIFT CNT
0863 D054 26 FB SNE SVS .SKIP IF MORE SCALING
0864 * V* IS ORIGINAL VALUE INPUT / BY 8
0865 * NOW O0 I + V*/8
0866 0056 CB 00 FESTAR ADD B 4$00 jADD LS + 0.0
0867 DD58 89 01 ADOC A #01 ADD MS + ±
8868 DD5A D7 41 STA B ESRT+± ;SAVE LS E*
0869 DO5C 97 40 STA A ESRT jSAVE MS E*
8870 DOSE DE 48 LOX ESRT jRELOAD NEW E*
8871 D68 OF 3C VOLTHZ STX ESTAR ;STORE E* FOR INTRP PROG
0872 0D62 39 RTS

.1 so
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0874 *

--0875 * "R" - REVERSE [IRECTION KEY
0876 1
0877 DD6 73 0009 NRMO COM DI RCI' j COMPLIMENT THE DIRECTION FLAG

00878 , 66 39 RTS j RETURN
879 ,

08810 * h-6 ADVANCE FREQ KEY
0881 *
0882 D67 96 46 IFCD1 LDA A FCMD ; TEST FOR MAX FREQ
0883 DD69 81 20 CMP A #$20 s MAX = 32 HZ FOR NSRDC
0884 DD6B 27 05 BEQ RETURN ; IF AT MAX, RETURN
0885 DD6D 97 E6 IFCD STA A NORFG ; STORE FLAG
0886 DD6F 7C 0846 INC FCMD I NCR FCMD
0887 DD72 39 RETURN RTS
0888 *
0889 * "-" DECREMENT FREQUENCY KEY

._- 0890 *
0891 DD73 97 E6 DFCD STA A NORFG ; STORE FLAGE

-0892 DD75 96 46 LDA A FCMD .LD FREQ TO BE OUTPUT
0893 DDT7 27 03 SEQ EXt ;BRANCH IF 0 FREQ

^ 0894 DDT9 TA 0046 DEC FCMD .DECR FREQ CMD
-0895 DDTC 39 EXI RTS ;RETURN
0896 *

-- 0897 * "V" USE REAL V* -CLOSE LOOP ON MPB ERROR
0898 *
0899 DDTD 7F OQE7 UVSTAR CLR VSFLG ; CLR V* CLOSED LOOP FLG
0900 DD80 20 SF BRA VSPROC ; DO NORM V* PROC
0901 *
0902 * "A" ADVANCE V* KEY
0903 *

--0904 DD82 97 E7 AVSTAR STA A VSFLG ;SET KBD CTRL OF V*
0905 DD84 9? E6 STA A NORFG ;RESET NORM FLAG
0906 DD86 96 48 LDA A VSTAR ;V* MS

- 0907 DD88 D6 49 LDA B VSTAR+± ,V* LS
0908 DDSA CS 40 ADD B #S40 , INCR LS
0909 DD8C 89 00 ADC A #$00 ; INCR MS
0910 DDSE 97 48 STA A 'VSTAR , SAVE NEW V* MS
0911 DD90 D7 49 STA B VSTAR+± ; SAVE NEW V* LS
0912 DD92 20 B6 BRA ESC sSKIP TO USE V*
0913 *
0914 I "D" DECREMENT V* KEY
0915 *
0916 DD94 97 E7 DVSTAR STA A VSFLG ;SET KBD CTRL OF V*
0917 DD96 97 E6 STR R NORFG ;RESET NORM FLAG
0918 DD98 96 48 LDA A VSTAR ,V* MS
0919 DD9A D6 49 LDA B VSTAR+i .V* LS
0920 DDC CO 40 SUB B #$40 ; DECR LS
0921 DD9E 82 00 SSC A #$00 GDECR MS
0922 DDA0 97 48 STA A VSTAR ,SAVE NEW V* MS
0923 DDA2 D7 49 STA B VSTAR+I s SAVE NEW V* LS
0924 DDA4 20 A4 BRA ESC ;SKIP TO USE V*

I _______________________________________________

- -, . . . ..-- *, -
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0926
0927 * STOP ROUTINE
0928
0929 DDA6 96 09 STROUT LDA A DIRCMD s LOAD NEW DIRECTION
0930 fc.,,AS 97 .I STi A DIROUT ;STORE NEW DIRECTION
0 931 L'L'AA 8c 0± LDA A #$01
0932 DDAC 97 01 STA A MSTOP ;SET UNIT STOPPED FLAG
0933 DDAE 7E DSF4 JMP MCLCN jMOTOR CONNECT MCL
0934 ENE)

09.4 LINES ASSEMBLED, LOC = DDB:L, 0000 ERRORS DETECTED.

t2

8zI

• L •* D 1., f
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SYMBOL VALUE ATTR LOON L I NK

HSTOP 00C.-i 8-t :2rHA2
dISTAP.T 0024' 64 2A ABE
OVRLD 00&fl 84 AH64
INHIB 03004 8 4 2H6'-
PIROND 00144 8 4 2F106
FOND *3046 S6t 2H0:F
FOUT 00140 84 2HC.t
VSRAW 003A 64 CNE
BPRAW 004A 84 2AEA
FORAW 0036 64 2HF3
DON ID 0020 84 2FC
DPF 0022 84 2605
J 0024 84 26E:O
F60DEG 0000 84 2617
FTINOR 0008 64 2620
I1ONFG E105±1 64 2629

-- NPPCT 000135 64 2632
NORFO OOEG 84 2636

-VSFLG OGE7 84 2644
PTIS E000 64 264D

_FTPNW 000±. 64 26.56
QLI 0006 84 26SF

INDEX GOES 84 2668
S- FTPTR 0003 64 267±
ACIAC 16000 84 267A
DIROND 0009 64 2683
.DIROUT 00±0 64 2660
BPFLG 0050 84 26,95
VSTAR 0046 84 2B9E
ESOC O0EA 84t 2BA7

S- K 0005 84 2660
AVE SOFO 64 669
ESMM 000± 84 2602
ESML 6000 ;i4 28GB
ES±lMN 0000 84 2BD4
ES±lML 0060 84 26D
ESTAR 0030 64 2BE6
YN GOFO 64 2BEF
FTPNT 00CR 84 26F8
ESRT 0040 64 200±
OVOMP OSFO 84 200A
VPADDR 00D8 84 20±13
VSREF 00DB 84 2c±0

- OUTCTL OGEF 84 2025
OUTOTM GOOD 64 202E
SHTL'N G05A 84 2037
PIA 5000 64 2040
PTM± 4000 84 2049

*PTM2 3000 '64 2052
WLATCH 2007 84 2056
ACIAS 6000 84 2064
ACIAD 6001 84 20Gb
INIT DOO 84 2076
INITi D8OF 84 ZC7F
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SYMBOL VALUE ATTR LOON L I NK%

TRES-- ET ('A66 84 20C8 8
MCL D'38 8 -" 4 2e-L9J. 4
MCLO2 C-8696 64 202Qi1
ADIN ('GAo 84 2CtH i.
CS P DC. (iCES :34 20-H0
MCOI U8d937 84 2085
PRtJOT 0000 84 2CE
M0L03 D887 604 2007
OLRM1PC ('8FF 84 201'0
TFOUT OSOF 84 *"C'I.9
MOLO4 E.808 84 20CE2'_
RAMPC'N D680 84 2C:EB
MCLSA DSBA 84 20F4
RAMPUP ('800 84 2%'LFD
STUNT ('SF6 64 20016
CHPTR ('8CC 84 20SF
AINOX 0808 034 20±18
TSTART DA20 84 2D21
FlOLON ('SPA 84 202H
STROUT ('(AG 84 20.33
OLRMPI ('908 84 2L.RC:.
SLWR(' C-69±1 84 '.21-45
SHOUT ('8±1 84 2D4Ej
SFOUT ('800 84 2057
ERU D'8±0 84 2060
ERD ('680 84 2069
ESRO ('BAA 84 2072
PYOLT 00SF 84 2C.76
ESPRT 00±3 64 2D064
OTCT ('OGE 84 20b80D
NOLC D05± 84 2096
PRTCTI ('032 84 209F
OLCI ('046 84 20A8
OLCM DC64 84 2081l
OLCIA 0040 84 208A
NOLOC DC063 84 2003
NPROC 0020 84 2000
RACIA 0000O 84 2005
RTRA D023 84 200E
NRMO DD(63 84 20E7
IFCD ('(60 84 20F6
('FCD 0073 84 20F9
UVSTAR ('070 84 2E02
RYSTAR 0082 84 2E06B
DVSTAR DD94 84 2E14
VSPROO ('04± 84 2E±0
ESC 004A 84 2E26
IFCOI 0067 84 2E2F

*VOLTHZ DD060 84 2E38I
SYs 0051 84 2E41
FESTAR DD56 84 2E4A
RETURN 0D72 84 2E53

*! EXi 0070 04 2E50

END ASH VI. ±
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ASM Y1. I

LiC' 0 U [1 N~i F &: I tLR I-L,-L, 1N

0Ni-il P I~ilJ

4IHsHL'ULE LJUN 11I U=s [HE UIPER-I-i (JUN UF 2PULSE F iMER MODULEs-
0N JlL'LII U 'T IHjIL W PUJLSE- NIL'I H MOD'.ULATED (PWrM)

*ri~kJ Wr','E .I:l PEi .i RFEL. I UI L:UiN IIruL H UNI11. Pimt uurl' PLITS AIRE
OL'u-* Uujp.NC:I t.- IU I HE I HR-.EE: PHi-et j tPUi S OF [ HE CONTRULLER.

uk- *F. P114i.*2 E bLS I HE PULS E PER-..oLD INTER;VAL AND GENERHTES
mil .4 NIERII HI1L:H UsE i-His_ NIOULE.

iUul4 ::DEl-1iI ON OJF MEflOr.i' LOCH Io.s SED Y THIS ROUTINE

00 4,ULOL Fcou:';a E-_,!U $Ou~kCLu .sTART OF 60 DEG SEGMENT FLAG
u01 0Ls F PNW41. ElwU t$LIUwL.,i .. NEW FR+'Eu: TABLE PUOINTER

0U1 0uC Fl I Ri1-. LuW f U LUsL.; POINTER FOR-' VALIJES IN USE
Ui0 .clu k0~U. t'P NFL' LWA $tiuL .; OUNT FOR MID-POINT OF P. P.

0LiJ 0UL:2 BS=.I HRk LW~ L'6112 .B* FOR SF COMPUTATION
U022 OUDO SF lzW.! $UuL'uL SCH-LE FHLcT*OR

0041LW2 PNL:'uM EiL $f&t e2'oMINANT'iSB PULSE WIDTH
LiLi04 Lf4 PNL.orI LW $u.4 CO-MPLEHENTS@3S PLILSE WIDTH

Lioll' I PP LWJ $L 0 t.u NWIDItH OF PULSE PER I13D
uu~6 0'S I E.!U so;s 1'51. SWITCHING TIME

01137 _ICI(HU f2 LoUl SOO.-TH . 2ND S'-WITCI-.HING 'TIME
0d2 L#ci L0 $Ou.u1.LRD SWITCHING TIME

0 0 29 LouDS8 VPADD EO.U t. 0DS .jV PEAK TABLE ADDRESS

ut2- ASFHH< L 030. A SF FOR PP
0e07. 0&2 sFf1IN EQO 40L0:2 MIN SF FOR PP

"j035*
00i3ib .4 4 GLOBAL)-
El3 7 ou44 P IHGND LWU $11044 $COMMAND:ED S-;TATE OF PIA-6

UO0 020 D'OM ID E "!U $0020 .;DOMINANT'*S ID O0=A..i=B. 2=C)
tI03: 0022 DPF UU $Q02 U DOMW S POLAR ITY C0=+ , FF=-)

0040002 J clU $024 FLH -(+=IST.ODD/-IST EVEN)
"0ucsL F iINUR EQU $00-U8 sFREL4 TAB C +4=1ST HALF/-4=2ND)
U0ud0bl HUINFG LU6!U $UubJ. MON CONN FLAG (0= NOT CONN)

LW11. LIAVRA 0tW> H lsH4 i ~ul JL lH V*.: PROM PIA (~RAW DATA)
u044 WOEVlr VSNF L U LW 4. LIwE j V.:1iN FLG(01IN MUPA, i=USE KBD
0045 004H bPRAKW E~uU $g004H 6; + 'RAW I NFO r)
UU14t' u0C 0 _ 8F-W EQU $00~ %. FREQ CND FROM A/D (RAW DATA)
0047' UUSU ESI HR LUl S uLOC ;.E* =Y/+O

6048 0005 NPPCTf LOU $06uC:; ; NO. OF P. P. 'S LEFT IN SEQ
LILi4? 0040 FOOT LWU $004C .. OUTPUT FREQUENCY
0050 UU4b FUND LUU $UU046
Uo051 0009i bD1 RUCt) LUU $ IU U_4
u52 oO0DR' L'.iROUI EuiO

t2s



HMII *6ooj Ph 1L PAGE 0002
ASfIl vi. I

SEU' LU: JJ SLURCE

L1054
0055 4

uu~taiuurip ~k E'j $00U UL FPLR 12 6; T IS '.HANDLE AS I
L2Uw;t 11i-s:H E'.aU $200'i .. IL r-PLL:N 12 B Ii I S c

Lit'9 FLL ku L:, Lu 2u . PRUuUc r S E 3 + 2 MORE BYTES;'
0u060 U'au0 PiN E I)Ll $fjtbOi . PROG~li-IN*ABLE INTERFACE ADAPT

vu HtiwLlPIMl .LI f $4 wu Li FULS E T IMER MODULE #1
0 l -2 .Xuu P I 112 f 3,u su u .. PULSE TIMERw. MODULE *
U06 -_% 2:LU C' WLrsI L:H E00i.Uc Ic 07, .WN LHFCH HDR 'FOR MUPB)

006.4

wtr 0 II ERUP IEY IER NERP UI IE

Po 34 iHi:D bUNE VIA FOLLUWINGiAL'E~N IF TIMER #2
uu74 LtaU Eb sUUIFl iS LDH H PTM2+1 RENLs TiMEt TTU E
tlU5 EUS b SU LL)M H PTM2+2 .REDTIMER #1 COUNT

UO('4:Et IF iHi-= is f=AU DEUi SEUMLN ( BOUNDAHRY

UC~LOULo 7:' UU-LtJ. I 1a. T Ft:uDU .. TEST FOR BEGINNING OF 60 DE
0080 EOC' 27c 4H BEL,! NOTGO-- .BRANC:H IF NOT BEGINNING
0081 bU DEUi INrFRvAL - 'SET UP CUUN 4fEPS, FL IP-FLOPS, ETC

c08 a.4:: FIRS=.T THING IS SET MlUXe* ADDRESS AND START CONVERT TO
"084 S:PEEL:' CMAL, "101
00851
0 08a6 E00B 6 t--.t. LL'M H #$6. ENAB B+ & SET SC=0
0087 EOOL) B-7 r-E002 .:11 H P IH+2$ START CONY TO CLR SEQ

0088* 1 Hi: HBUYL H/Dl LLNVEkAS-ON IS USED ONLY TO GET START CONVER
U069 4 Eij;Fs IN 'Z'EUEr&:E. LONERN E'-ULT IS NOT USED
0030*
0091 E010 DE Cl LD:<-N F TPN4W GET NEW FREQ TABLE POINTER
0@92Li0 Eu2 DF C ~ ST.- FTPTR ..SET POINTER TO USE NEW4 VAL
009; Eu14 A6 00 LDH H &0 X . LUAD NO. OF P. P. S IN SE
0094 EU16 9-e U!5 S5TH H NF'PCT .ESTABLISH BEGIN. PP COUNT
0095*

Li ~ ~ U96 UHLL:*ULH FE MID-PL'lNT OF SEGMENT

uo98 EttI6 4G2 INL H .NPP+1

U09 0 Eu19 47r HiSR H .i'.NPP+i.:'/2=MID-POINT COUNT
0100 EO1A 9i/ L6 _TH H NPPMlD SICORE IN MID-POINT LOCAL
01014
l.1812 * PULL PULSE"% PERIOD PARAMETERS FROM TABLE

0104 EGIC EE 01 LLX 01.- X;U ET PP LENGTH
0105 EQIE Fl- 3002 SIX- PTMl2- .. STAB TIME BETWEEN INTERR
0106 E021 OF 70 SI'X TPP 'STORE NEW PP LENGTH
0107 E02: DE Cs LDX-l FTPTR RELOAD TABLE TOP ADDRESS



Hil bUUP flrIS6 PAGE 0003

AHvi. I

S EQ 0 L'C OE.'j SLIURCE

i0 ;Eut * :" E L Ut. L-.. U51,. LURE: R2 S
ui9Ec 02 =-u sFHH ;,TORE H-S MAX SCALE FACTOR

011u E 02'9 DE C: F FT PT R. RELOAD TABLE TOP
0111 Eu2B EE O0L70.:2. LOAD'. MIN SF
0 11*2 E 0 2 O F sI SFHIN .T STRE AS HIN SCALE FACTOR

0114 .4. IJPL:,H FE DIWIT WAV.EFORM IL'

Ei; ~±~. LL'H H U'iiMiIE D. LJHU' DON ID FLAG

011 4 IID l HLWHYi -it'HAiNG3ES . . .2. .. ETC
cl' 0 H- 1 60 DF-u bOLINC:ARY DON IC-=:

c'i 211
Ll124' Lusi ' 4H DL: H D :ECREMENT ID:
01~ ttt I 2A; 02 BPL HH .. BRANCH IF AOR B
0.124 EOs 4 86 0*2 LI:H H #402 j SET FLAG3 VA,'LUE FOR C
0.15 L u Si 9} AA MA H b LID .;' STODRE NEW ID



H1I 6Sou -1MiS-.o PAGE 0004

A 1SZ'1 Vi. I

SEEQ LOL. UhJ SOIh:C-

+12; . L:HHi1.Gr_ E:LI1iNHN [ F'ULHI:I TY FLHIJ ,:DPI:=-'0/+ , FFi-
0128 L1* HL' ET ,'HLlUl -' OiF H, B, L: F'LiFFLLiPS. FIT 60 DEG BOUDAIRY DPF=
0129 * LHS, I START CuNVERT HDDR. -PF2=O0 E:EFORE HERE

0'11 EL - ;56 He LL:. H -t4 , LL:, L:r"[D ro SET FLIP FLOP
E12 E83i 73: -i22 CO [ DPF .1 ::HANGE DOMINANT POLARITY
0133 EO0.:[, 26 BH I A2 j BRANCH IF NEGATIVE
01-4 E.:F S L LCH A s4# -; L[: :ID TO RESET FLIP FLOP
0135 E041 9f 44 i2 STA A, F'I A:M: STORE COMMAND FOR LATER USE
013€,

137 -+, IT I TiL i ZE INDICES FOR PROCESSING

0139 E043 'F i0l0c:/'4 CLF J CLEAR IST..'2ND HALF FLAG
L1140 E46 CE U004 L[:.: #+4 . SET IS] HALF VALUE
0141 E049 :F C8 ST*: FTINCR ,ESTiLISH LS OF ADDRESS
0142 *
0143 * SEN[X, OUTPU F FREUENCY TO MUPE:
0144 +

145 Eu'a4B , 4C LDH H FOUlI . LOIAD PRESENT OUTPUT FREQUENCY

014t. EO4D B-" 2007 STA A WLATCH .STORE FOUT TO LATCH
0147 E050 7F OOCO CLR F6DG .. CLEAR 60 DEG BOUNDARY FLAG
0148 E0.51,3 2 0 28 BRA SPIN . D-ONE 60 DEG SEG, DO B+ INPUT
0149 4.

0150 * CODE IF NOT A 60 DEG BOUNDAR't ,INSIDE A 60 DEG SEGMENT)
0151 + USE -. ':I RH IINE TO INPUT V:+: AND FCMD
0152 * SP:, CHl HND V* ARE INPUT AND STORED FOR USE BY MAIN PROGRAM
0:53 :: A/D START CONVERT IS HIGH TO BEGIN WITH
0154 ADDRESS FOR SPD CMD ALREH:,Y SET
0155
0156 E055 86 62 NO 164.1 LL:'H A #*62 SET IN RESET.PRESET - NO CHHN-""
0.157 E057 Cb 63:. LL'H B #$63 . SET FOR V* INPUT
0158 E059 B' 5012 STA A PIA+2 . STAFRT Fi,..'D CONVERSION
0159 *

0160 C FONVERSION FOR SPEED COMMAND IS STARTED
0161 * GET V* WHILE CONVERSION IS WORKING
0162 . START CONVERSION - PIA-PB4 SET=i
0163
0164 E05C FT 5002 STA B PIA+2 .OUTPUT COMMAND TO PIA (ENB V*
0165 E05F F6 5000 LDA 8 PIA . BRING IN V* MSB
0166 E062 86 61 L[,A H #$61 ;SELECT V* LS, OTHERS NO CHANGE
0167 E064 B7 5002 ST A A PIA+2 .. OUTPUT COMMAND TO PIA
0168 E067 B6 5000 LDA A PIA . LOAD V-* LS
0169 EO6A 97 3B STA A VSRAW+l . SAVE V* LS
0170 E06C D7 3A STH B VSRAW SAVE V* MS
8.71 + Er1aMBLE ANALOG MUX FOR B+ INPUT
01t'2 E06E 86 60 LDH H #$60 .- SET ENB WD FOR B+
0173 E07'0 B7 5002 sTA A PIA+2 .. ENAB B+
0174 *
0175 * FINISH H,.", CONVERSION FOR SPEED COMMAND
0176 *
0177 EOF3 01 NOP .. FILL KEEP PROG LENGTH
0178 E074 01 NOP . FILL KEEP PROG LENGTH
0179 E075 01 NOP .. FILL KEEP PROG LENGTH
0180 E87'6 01 NOP .. FILL KEEP PROG LENGTH



Al 6800 PTHS' PAGE 0005

ASt." V1. i

SEQ LOC OBEJ SOUCF::E

0181 Eo77 01 NOp FILL KEEP PROG LENGTH

0182 E078 Fo 5000 LDA B FIR LOAD SPEED COMMAND

0183 EO,E DT 38 STH b FC:iHW ;STORE RAW FREQIUENCY COMMAND

!,q

g



AMI 6800 PTMNS6 PAGE 0006
ASM V1. i

SEQ LuC 06i SOURCE

0185 .

0186 * ,S Is STLRED - EITHER BY ABOVE OR VIA KEYBOARD CONTROL
0187 * CONIINUE SEGMENT PROCESSING
0188 :

0189 .+- BRING IN V PEAK DURING EVERY SEGMENT, CALCULATE NEW
0190 :4. SCHLE FACTOR AND APPLY rO HDJUST PULSE WIDTHS.
0191
0192 V 'v PEAK MUST BE READ IN AND SAVED IN BPRAW. ALSO SET AND
0193 * RESET FFS DEPENDING ON POLE VOLTAGE STATE FOR 60 DEG
0194 * SEGMENT
0195 * INPUT V PEAK FIRST
0196 * START CONVERSION PIH-PB4 SET=0
019? *.

0198 EO[D- 86 76 BPIN LE:H A #$76 .i SAVE SET/RST, ENS A/D; SET S. C.
0199 EO-"F B?." 50-02 STA H PIA+2 JENABLE FLIPFLOPS, START CONVE
0200 E08; c. C U6 LE'A B #$00 b LD A./D TIMING CNTC36 US TOTALI
0201 E084 5R LEPL: DEC B . DECREMENT A/D COUNT
0202 E0 5 26 FD BNE CBPC . BRANCH WAIT FOR CONVERTER
0203 E0SC B6 5000 LDA A PIA ;LOAD B+
0204 EOSA 97 48 STA A SPRAW .- STORE B+(VOLT-SEC) cRAW INPUTI
0205. E08C C6 72 LDH B #$72 $ SET SPD CMD ENAB WD 1

0206 EOSE F7 5002 STA B PIA+2 .- ENAB SPD CMD
0207 *
0208 V PEAf HAS NOW STORED HT BPRHW
0209 :4... PIH IS SET UP SO THAT FLIPFLO'PS
0210 .t. WILL BE SET RESET OR NOT AFFECTED BY PULSE PERIOD INTERRUF
0211
0212 t NEXT STEP COMPUTES SCALE FACTOR BASED ON NEW V PEAK
0213 *

0214 .4 MUST FIND VPEAK NOM/V PEAK FROM LOOK UP TABLE
0215 * FIRST GENERATE TABLE ADDRESS FROM V PEAK
0216 E091 86 E-5 LDA A #$E5 ; LD MS OF TABLE ADDR
0217 E093 D6 4h LDA B SPRAW .. LD V PK FROM MEN
0218 E095 58 ASL B .; ADJ LS FOR 2 BYTES/V PK
0219 E096 24 02 BCC SVPADD .; SKIP FOR <128 SAVE ADDR
0220 E098 86 E6 LDA A #$E6 j SET MS AT 128 VOLT PUS
0221 D. ADDRESS FOUND, SAVE IT AND LOOK LIP VPEAK NOM/V PEAK
0222 E09A 97 D8 SVPHDD STA A VPADD ; SAVE MS
0223 E09C D7 D9 STA B VPADD+i s SAVE LS
0224 E09E DE D8 LUIX VPADD $ RELUAD VPEAK ADDR
0225 +
0226 * SCHLE FACTOR COMPUTATION
022. ' 4-
0228 * SF = <1+E*/128) * VPEAK NON/V PEAK
0229 FROM MCL FOUND BY THIS SUBROUTINE
0230 *
0231 EOAO EE 00 SF CML LDX 0.. X i LD X V PEAK NOM/V PEAK
0232 EOA2 FF 2000 STX MPIER .; STORE AS MULTIPLIER
0233 EOA5 DE 3C LDX ESTHR 1LD (1+E*/128)
0234 EOA FF 2U02 STX MCND ' STORE AS MULTIPLICAND
0235 EQ8A Bb 2005 LDA A PROD . LD MS OF SF
0236 EGAD F6 2006 LDR B PROD+1 LD LS OF SF
0237 EOBO 47 ASR A ADJ FOR MULTIP TRUNC
0238 EOB1 56 ROR B .- ADJ LS FOR TRUNC

• 9o



.- AM! 6800 PT'I16 PAGE 0007
ASH Vi. I

SEQ LOC 06J SOURCE

.,,0239 +

0240 . SCHLE FHC: [OR NOW E IISIS iN H &,. E. REUISTERS
- - 0241 * S-HLINU I'S .

0242 : =15 6±4 6 .12 11 E:lu E9 B:e: 67 F36 65 64 67. 62 61 60
c0243 .S: 2 . 2 2 4 2 :1.5£' D , D 2E-8

044 
O245 E062 6:,7 [:I STH 6 SFr+I .SAVE SF LS
"0246 E064 97 DO,3 STH A SF -SAVE SF MS
0247. TEST FOR NEGATIVE FIRST
0248 EO'6 81 00 CrMp H #$Lu .; CMP TO ZERO

S249 E068 26 12 BII SFMNL S SKIP TO LD MIN SF

149

- t
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AMI 6800 PT'IS6 PAGE 0008
ASM Vi.1

SEQ LOC O.J SOURCE

0251 +

0252 *
0253 * TEST MS OF SCALE FACTOR
0254 * SCALE FACrOR NOMINAL IS 0.5 (MIN E* & MIN B+ERR/B+NOt j
0255 2.99 6 :MHX E* & MAX B+ERR/B+NOM.
0256 *
0257 EOBA 27 OC BEQ SFISZ ,BRANCH IF MIS=O
0258 4.

0259 * SF>.1. 0000
0260
0261 EkjBC DO S SUB 8 SFMAX+l ,SF-SFMAX LS
0262 EOBE 92 0 SBC A SFMAX , SF-SFMAX MS
0263 EOCO 26 OE BOI SFOK BRANCH IF <3. 00
0264 EOC2 DE 30 LDX SFMAX . LOAD MAX SF
0265 EOC4 DF DO STX SF jSET SF = SFMAX IN MEM
0266 EO'C6 20 08 BRA SFOK BRANCH TO SFOK
0267 *
0268 4. SFK1. 000
0269 *
0270 EOC8 Di 33 SFM'ISZ CMP B SFMI'N+i ;SF-SFMIN LS
0271 EOCA 22 04 EHI SFOK ;BRANCH IF >0.75
0272 EOCC DE 32 SFMNL LDX SFMIN jLOAD MIN SF
0273 EOCE DF DO STX SF ;SET SF = SFMIN
0274 4.

0275 * NEXT STEP IS TO COMPUTE PULSE WIDTHS BASED ON WHERE YOU ARL
0276 * COMPUTE DOMINANT FIRST
0277 .4.
0278 EODO DE C3 SFOK LDX FTPTR ;LOHD WORK FREQ TABLE PT
0279 EOD2 EE 09 LDvX 09. X ;GET PWDOM BEFORE SCALING
0280 EOD4 FF 2000 STX MPIER ;STORE PWDOM AS MULTIPLIER
0281 EOD7 DE DO LDX SF ,LOAD SCALE FACTOR
0282 EOD9 FF 2002 ST.X MCAND jSTORE SF AS MULTIPLICAND
0283 *
0284 4 PWDOM = SF * TCI (PWDOM BEFORE SCALING)
0285

* 0286 EODC 86 2005 LDH A PROD . INPUT SIGN + PRi TO PR7
0287 EODF F6 20k16 LDH B PROD+l jINPUT PR8 TO PRI5
0288 EOE2 47 ASR A ;POSITION ANSWER MS
0289 EOE3 56 ROR 8 jPOSITION LS
0290 *
0291 * PWDOM NOW HAS RESOLUTION IN MICROSECONDS AS
0292 .

0293 6 815 814 813 B12 Bii 8±0 89 88 B7 B6 B5 B4 83 82 Bi 0
0294 * S 5 8K 4K 2K iK512 256 128 64 32 16 8 4 2 1*
0295 *

0296 EOE4 97 72 STA A PWDOM ;STORE MS
0297 EOE6 D7 73 STAB PWDOM+l .STORE LS

J_!
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ASM V1.

SEQ LOC OBJ SOURCE

0:300 .' NEX..T STEP IS TO COMPUTE THE COMPLEMENT PULSE WIDTH
-0301 *

0302 EOES DE C3 L[>. FTPTR , RELOAD THE TABLE POINTER
0303 EOER EE OB LD.,.' ii.. , GET TC - COMPLEMENT
0304 EOEC FF 2000 T T:.. M MPIER .STORE AS MULTIPLIER

-030 C,:uN"T HAVE TO RELOHD SCHLE FACTOR SINCE IT IS LATCHED AS
0307 -** MULF IPLLCAND
-308

0SU9 EOEF B6 2005 LDH A PROD ;LOAD MS 8
0 1U ELIF2 F6 2006 LDH B PRUD+1 LOAD LS 8
U II EUF5 47 HSR A ,POSITION MS
0 i EOFF6 5b ROR B jPUSITION LS
H 1 EOF7 97 e'4 IH H PWCOM STORE (IS
0-114 EOF9 DT 75 STA E: PWCQM+I .; STORE LS

S 0315*

-0316 .RESOLUTION & SCALING OF PWCOM IS IDENTICAL TO PWDOM

-i13
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ASI Vi. 1.

SEQ LOC OBJ SOURCE

0318 *4

0319 * CALCULHFE THE THREE SWITCHING TIMES FOR THIS PULSE PERIOD
0320 * rESI THE 'J" INDEX TO DETERMINE WHICH OF TWO ALGORITHMS Tc'
0321 * USE DIFFERENCE IN ALGORITHM IS RESULT OF POSITION IN SEGME 1
0322 * AND WHETHER PP NO. IS ODE) OR EVEN
0323 *
0324 * Ti= 1ST TO TIME OIT
0325 * T2- 2ND TO TIME OUT
0326 *. T- !R:. TO TIME OUT
0327 4 ODD P. P"S EVEN P. P.
0328 * IN 1ST HALF OF SEGMENT T3= T3-PWCOM Tt+PWCOP
0329 * IN 2ND HALF OF SEGMENT T3 Ti+PWCOM T3-PWCOM
0330 * .5(-> IF 1ST HALF EVEN PP, OR IF 2ND HALF ODD PP
0331 * J=(+> IF iST HALF ODD PP., OR IF 2ND HALF EVEN PP
0332
0333 EOF 7D U24 TST J .IS J

03.34 EOFE 2 20 bMI t1INDX .j BRANCH FOR (- INDEX
0335 *
0336 * ALGOR I THM I
0337 * CALCULArE SWITCHING TIMES FOR:
0338 4 PVS#DPF AND PWCOM IS 2ND COMPLEMENT
0339 * OR PVS=DPF AND PWCOM IS iST COMPLEMENT
0340 *
0_341 Ti= ; TF'P-PWDO|il ;,,.'."

0342 4
O343 EiOO 96 U'0 LDH H TPP . LOHD TOTAL PP COUNT MS
0144 E102 D6 71 LDH B TPP+i ; LORD of of LS
0345 E104 DO -3 SUB B PWDOM+i TPP-PWDOM LS
0346 E106 92 -'2 SEC H PWDOM .jTPP-PWDOM MS
0347 E108 47 ASP A . DIVIDE DIFFERENCE
0348 E109 56 ROR B BY 2
0349 EiOH 97 78 STA A TI ; STORE MS
0350 EiOC D7 79 STA B ri+I iSTORE LS
0351 4

0352 * T3=Ti+PWDOM
0353 *
0354 EIOE DB 72" ADD B PWDOM+i ; TI+PWDOM LS
055 EliO 99 72 HDC A PWDOM .TI+PWDOM MS
0356 ElI2 9F 7C STA A T3 .STORE MS
0357 E114 D7 'D STH B T3+1 s STORE LS
@358 *
0359 * hZ= 3-PWCUM
0360*

0361 E116 DO i'5 SUB B PWCOM+i T3-PWCOM LS
0362 .118 92 74 SBC H PWCUM ;T3-PWCOM MS
0363 El1H 97 7H STH H T2 ,; STORE T2 MS
0364 EIIC DY 7B STA B T2+1 . STORE T2 LS
0365 EIIE 20 22 BRA OTCNTS ;BRANCH TO OUTPUT COUNTS

q4
-=? - . -. ., , . . .
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AS 1Vi Y . 1

SEQ LOC OBJ SOURCE

0I368 + CHLCULHIE HE SWITCHING TIMES FOR:
- 0369 .. PVS#DPF AN:, PWCOM IS THE ISl COMP

0)370 +OR PV"-.=E:,FF HND PWCOM IS THE 2N:, COMP
0371 *

0-s7T2 +. i±=- TPP-PWDOM/>.'2
L,'7 , :+.

S3%74 E120 96 70 IN,: LD,-H A TPP .. LUH-L:, TOTAL PP MS
u.,. E12: - D 6" LAH B TPP+1 .. LOHL, " " LS

0376 Ei24 DuC U SUB B PWDOM+li , rPP-PW:,OM LS
0 3T7 E126 "- ,2 SBC A PWDOM . TPP-PWDOM MS
037f8 E.I.2::; 47 AS. A . DI VIDE DIFFERENCE
0379 E129 56 ROR B .B EY 2
038 0 EI2A8 97 78 STA A Ti ; STORE MS
"G381 Ei2C D7 79 STA B TI+1 .; STORE LS
.0382 *
0383 4. T::=T±i+F'wc:,oM

-0384

0385 E12E DB 73 AO:D B PWDOM+I .; Ti+PWDOM LS
'-0_.86 E130 99 72 ADC A F'WDOM jTi+PWDOM MS
@387 El32 97 7C STH A T3 .; STORE MS
0388 E134 DT 7D STH B T3+i ;STORE LS

- - 0339a *

039 0 * T2=TIl+PWCOM
• 0391 *,

0392 EJ36 96 78 LD:,H A I , LOAD TI MS
0393 E138 D6 79 LDA B TI+i ;LOAD TI LS
0394 E3A DB9 75 ADD B PWCOM+1 TI+PWCOM LS
0395 E130 99 74 ADD A F'WCOM $ Ti+PWCUJM MS

-- 03296 E13E 97 7 STH A T2 ; STORE MS
039- E140 07 7B STH B T2+i STORE LS

.098 E142 96 09 OTONTS LA HI-9 f GET DIR CMD FLAG
0399 E144 91 10 CMP A DIROUT ;COMPARE W4ITH DIR OUT
0400 E146 27 GE BEQ DANi

-0401 E148 9b 4C LL',H H FOUT GET OUTPUT FREQ
0402 Ei4A 27 GA BEQ DANI
"0403 E14C 86 00 LDH A #$00
0404 Ei4E 97 46 STH A FCMD .; SET FREQ CMD TO ZERO
0405 EI50 91 10 CMP A DIROUT .IS DIRECTION CW?
0406 E152 27 OH BEQ DAN2
0407 E154 20 GB BRA DAN;
0408 E156 96 09 DAN1 LDA A DIRCMD
0409 E158 97 10 STH H DIROUT
0410 EI5A 96 09 LDH A DIRCMD
-0411 EISC 26 03 BNE DANS
0412 E15E 7E E242 DAN2 JMP CWRT

S40413 E161 7E E342 DANS JMP CCWRT

t2
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ASM' Vi. I

SEQ LOC OBJ SOURCE

0415 E242 ORI $E242
0416 *
0417 * CLOCi.WISE ROUTINE
0418
0419 E242 96 C5 CWRT LDH A NFPCT ;GET NO. OF PP COUNTED
0420 E244 84 01 AND A #1 . IS IT ODE'?
0421 E246 27 :.:H E'EO E','PPI . BRANCH FOR EVEN PP
0422 *

042.: * DOMINrANT POLAR ITY DOES NOT EQUAL POLE VOLTAGE STATE
0424 . DETERMINE THE DOMINANT PHASE (INIT :=Ai=6.,2=C )
0425:.
0426 E248 9o *'0 LDH a DOMID j LOAD DOMINANT PHASE ID
0427 E24A 4A DEC A ., DECREMENT PHASE (B-A-C ALWAYS)
0428 E240 2f 13 E:EC PHBDOI s BRANCH B PHASE DOMINANT (Of
0429 E24D 2A 2' BPL PHCDOI ;BRANCH C PHASE DOMINANT (ODu;.

0430
0431 * PHASE A IS DOMINANT
0432 * [,UMINANFr FLILARITY DOES NOT EQUAL POLE VOLTAGE STATE A-C-B
0433
0434 E24F DE 78 LDX Ti jLOAD Ti COLINT
0435 E251 FF 4002 ST::'-: PTMI+2 ;Ti TO PHASE A (DOM/IST ON)
0436 E254 DE 7A LDX T2 .; LOAD T2 COUNT
0437 E256 FF 4006 ST. PTMI+6 j T2 TO PHASE C(2ND ON/IST OFC "

0438 E259 DE 7C LDX T3 LOAD TS COUNT
0439 E25B FF 4004 ST.- PFMI+4 .T3: TO PHASE B (DOM/2ND OFF)
0440 E25E 20 5A B RA TMDPTI .; BRANCH TO TEST FOR MID-POINT
0441 *

0442 4 PHASE B IS DOMINANT 6-A-C
0443
0444 E260 DE 78 PHBDOI LD Ti . LOAD Ti COUNT
0445 E262 FF 4004 SI.,: PTMI+4 ;Ti TO PHASE 8 <DOT/'IST ON>
0446 E265 DE 7H LDX T2 .J LOAD T2 COUNT
0447 E267 FF 4002 STh PTMi+2 . T2 TO PHASE A(2ND ON/IST OFF'
0448 E268 DE 7C LDX T3 .LOAD T3 COUNT
0449 E26C FF 4006 ST, PTMl+6 ;T3 TO PHASE C (DOM/2ND OFF)
0450 E26F 20 49 BRA TIDPTI ; BRANCH TO TEST FOR MID-POINT
0451
0452 * PHASE C IS DOMINANT C-B-A
0453 *

0454 E271 DE 78 PHCDOI LDX TI ;LOAD Ti COUNT
0455 E273 FF 4006 STX PTMi+6 jTi TO PHASE C (DOM/iST ON)
0456 E276 DE 7A LDX T2 ; LORD T2 COUNT
0457 E278 FF 4004 STX PTMI+4 .T2 TO PHASE B(2ND ON/IST OFF.'
0458 E278 DE 7C LDX T3 .; LOAD T3 COUNT
0459 E27D FF 4002 STX PTMI+2 .; T3 TO PHASE A (DOMV2ND OFF)-'
0460 E280 20 38 BRA TMDPTi BRANCH TO TEST FOR MID-POINT

g;
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ASH ,i. i

SEU LOC OBJ SOURCE

i46" * DOMINANT POLARITY EQUAL-S POLE VOLTAG.1E STATE
-- 0464 * DETERMINE THE DOMINANT PHASE

465 *

0466 E282 96 '20 EVPPI LDA A DOMID . LOAD DOMINANT ID
._0467 E2:4 4A DEC A DECREMENT PHASE I -=A, 0=6, +=C)

046$8 E--:28 5 27 12: BEQ PHBDEI .PHASE E: DOMINANT - EVEN PP
'0469 E287 2H 22 BPL PHCDEI .PHASE C DOMINANT - EVEN PP

0470 :
0471 * PHASE A IS DOMINANT B-C-H
0472 E289 DE 78 LDX Ti ;LOAD Ti COUNT
047. E2SB FF 4004 ST.-. PTMi+4 ;Ti TO PHASE B (DOM/2ND ON)
0474 E28E DE 7A LDX T2 ;LOA[:, T2 COUNT
0475 E290 FF 4006 STX PTMi+6 T2 TO PHASE C
0476 E293 DE 7C LDX TI .; LOAD T]: COUNT
0477 E295 FF 4002 ST:' PTMi-+2 7TS: TO PHASE A
0478 E298 20 20 BRA TMDPTI .BRANCH TO TEST FOR MID-POINT

.0479 *

0480 * PHASE B IS DOMINANT C-A-B
"-0481 *

* .0482 E29A DE 78 PHBDEI LDX Ti .; LOAD Ti COUNT
0483 E29C FF 4006 ST:.' PTMi+6 Ti TO PHASE C

.- 0484 E29F DE 7A LDX T2 .j LOAD T2 COUNT
0485 E2Ai FF 4002 ST::.: PTMi+2 , T2 TO PHASE A

'0486 E2A4 DE 7C LD T 3. j LOAD T. COUNT
0487 E2A6 FF 4004 ST- PTMI+4 1J T.: TO PHASE B
0488 E2A9 20 OF BRA TMDPTi . BRANCH TOTEST FOR MID-POINT
0489 *.

0490 * PHASE C IS DOMINANT A-B-C
- -0491 +

0492 E2AB DE 78 PHODEI LDX:-:. Ti .LOAD TI COUNT
0493 E2AD FF 4002 ST:-:: PTMi+2 .Ti TO PHASE A

-0494 E2BO DE 7A LDX T2 ; LOAD T2 COUNT
0495 E2B2 FF 4004 STX PTMi+4 .':T2 TO PHASE B

-0496 E265 DE 7C LDX T3 iLOAD T3 COUNT
0497 E267 FF 4006 ST:: PTMi+6 . T3 TO PHASE C

t2

4.

t ,4"
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AS* V1. I

SEQ LOC OC.J SOURCE

0499
0500 +. TEST IF THIS IS THE MID-POINT IN THE 60 DEG SEGMENT
0501 4.

0502 E2BF3 9.6 C6 TM-PTI LL:,H H NFPFL:' ., ET NO. FOR MID-POINT P. P.
0503 E2EC 91 C:5 CM'P A NPPCT COMPARE TO PULSE PERIOD COUNTEE
0504 E2BE 2- 0- E:NE NM:,pT i BRANCH IF NOT MID-POINT
0505 +
0506 l I: MiICD-PLiINT OF 60 DE.3 SEGMENT ENC:OUNTERED
U50 -T: COMPLEMENT .J INDEX .OUNT DOWN -- TO ACCOUNT FOR
0508 * FOR COMPLEMENTARY PULSE WIDTH BECOMING IST COMP
05 0-9.  _ SET FTPTR INDE:.: TO COUNTDOWN
0510
0511 E2C0 73 0024 CO .i .COMPLEMENT J IND,':
0512 E2C* CE F'FFC LD-.. #-04 , SET FTPTR INDEX
0513 E2C6 DF C8 STX FTINCR STOFRE NEW INCREMENT VALUE
0514
0515 . UPDA1*E POINTERS AND INDICES HN:D rEST FOR END OF 60 DEG SE(
0516 4
0517 E208 73 0024 NMLPTI CONH( j J = NOT .J
0518 E2C 96 C 3 LDH F FTPTR , LOAD PRESENT POSITION MS
0519 E2CD D6 C4 LDA B FTPTR+I j .. .... LS
0520 E2CF DE C9 ADD B FTINCR+ .; MOV'E IN TABLE MS
0521 E2Di 95 CS ADC-. H FTINCR f .. LS
0522 E2D' 97 CZ 2 STR H FTPTR STOF.:E IN NEW POSITION MS
0523 E2D5 D7 C4 STA B FTPTR+I .. IN TFBLE LS
0524 :+.

0525 * TEST FOR END OF PULSE PERIOD' .

0526 *

0527 E2D7 7A 0OC5 DEC NPPI::T DECR TOTAL NO. OF PP
0528 E2DA 26 03 BNE MPPTDI , SKIP IF MORE PP TO GO
0529 E2DC 73 OOCO CON F60DG .SET 60 DEG FLAG
0530 .
0531 * EVERY PULSE PERIOD WILL OUT SET,-IPRESET OR NULL
0532 * OPERATION COMMAND TO PIA TO SET LIP FLIP FLOPS
0533 *
0534 E2DF 96 44 MPPTDI LDA A PIRCMD .. GET PIA CMD'D STATE
0535 E2EI 6/ 5002 STA A PIH+2 . START CONV TO CLEAR DETECT
0536 E2E4 66 7 LDA A #$T2 PR,VRST='I, NEW MUX ADDR-SPD CM[:
0537 E2E6 97 44 STA A PIRCMD .;CLEAR PIA CMD
0538 *
0539 * DISMISS THE INTERRLIPT
0540 *
0541 E2E8 3B RTI
0542 E342 ORG $E342
0543 .

0544 COUNTERCLOCKWISE ROUTINE
0545 * "
0546 E342 96 C5 CCWRT LDFA A NPPCT .; GET NO. OF PP COUNTED
0547 E344 84 01 AND A #1 , IS IT ODD'?
0548 E346 26 3A BNE EVPP2 .j BRANCH FOR EVEN PP
0549 *

0550 * DOMINANT POLARITY DOES NOT EQUAL POLE VOLTAGE STATE
0551 * DETERMINE THE DOMINANT PHASE (INIT: O=A..1=B, 2=C )
0552 * "

t2 ]
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A HI 66"00 PTt TSE PAGE 0015
ASH VI. ±

SEQ LOC OBJ SOURCE

055-. E-4- 96 20 LDH A DOMID LOAD DOMINANT PHASE ID
0554 E:4A 4A :,EL H DECREMENT PHASE ,:B-A-C ALWAYS)
0555 E1:46 27 24 BEi PHCD02 .; BRNCH B PHASE DOMINANT (ODD.
0556 EZ:4D 2A 11 BPL PHBDO2 BRANCH C PHASE DOMINANT (ODD
0557

0558 :t: PHASE A IS DOHINANT
0559 D DOMINANT FOLARITY DOES NOT EOLIAL POLE VOLTAGE STATE A-C-B
056u.
0561 E34F DE 7 E Ti . LORD TI COLINT
0562 E .51 FF 4002 ST. PTMi+2 TI TO PHASE A ,.DOM/IST ON)
056 E .54 DE TA LI: T2 LOAD T2 COUNT
0564 E-:56 FF 4006 ST: PT116 T2 TO PHASE C(2ND ON/IST OFF.
0565 E Z53 DE 7C L, T 3 LOAD T3 COUNT
05C6 E :'5E FF 4004 T FTHi+4 T--, TO PHASE B (DOM/2ND OFF)
056.7 Es:5E 20 5A BRH THDPT2 BRANCH TO TEST FOR MID-POINT
0566 4.

056 3 PHASE B IS DOHINANT B-A-C
0570 *
0571 E-:O DE 78 PHB1-'-02 L,: TI .. LOAD Ti COUNT
0572 E 622 FF 4004 ST- P',-P F11+4 ;T TO PHASE B (DOM/IST ON)
057-: E3 65 DE 7A L[- T2 LOAD T2 C:ONT
0574 E-.67 FF 4002 ST::'..' PTHi+2 .':T2 TO PHASE A(2ND ON/IST OFF;
0 575 E_6A DE 7C LE:,X T ., LOAD T: COLINT
0576 E-.:6C FF 4006 ST:: PTI'li+6 .. T: TO PHASE C (DOM/2ND OFF)
0577 E'..F 20 49 BRA THDPT2 . BRANCH TO TEST FOR MID-POINT
057 *
0579 * PHASE L: IS 'OHINANT C-B-A
058u *

05:3I E , DE 78 PHFCDO2 LD. Ti ., LOAD Ti COUNT
05-2 E,71 FF 4006 ST. FTMI+6 .;Ti TO PHASE C (DOM,-.'iST ON)
0568 E1.,6 DE 7A LD:,X T2 ., LOAD T2 COUNT
0564 E3:7- FF 4004 ST'. PTHi+4 .; T2 TO PHASE B(2ND ON/.-iST OFF)
0585 E176 DE 7C L[. T . LOAD T3: COUNT
0506 E.3D FF 4002 ST. PTti+2 . T3: TO PHASE A (DOM/2ND OFF)
0587 E280 20 38 BRA TMDPT2 .- BRANCH TO TEST FOR MID-POINT

k~
At "___ "_

trw . ,~- - ____ ___
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AS M Vi. I

SEQ LOC OBJ SOURCE

059 4
0590 * DOMINANT POLARITY EQUALS POLE VOLTAGE STATE
059 2 4 DETERMINE THE DOMINANT PHASE
0592 *
059 3 E3.82 96 20 EVPP2 LDA A DOMID LOAD DOMINANT I[:
0594 E184 4R DEC A , D)ECREMENT PHASE .- =A, 0=B, +=C)
0595 E185 27 24 BEQ PHCDE2 PHASE B DOMINANT - EVEN PP
0596 EZSTi 2A i BPL PHBDE2'.Z PHASE C DOMINANT - EVEN PP
0597 *

0598 4 PHASE A IS DOMINANT 2-C-A
0599 E :8 9 DE 7D LD:..: Ti LOAD TI COUNT
0600 E386 FF 4004 STh PTI+4 .Tl TO PHASE B ,:KDOM/2ND ON)
0601 ESSE DE TA LD':N T2 LOAD T2 COUNT
0602 E390 FF 4006 ST.-. PTl+6 T2 TO PHASE C
0603 E 93 DE 7C LD.:; T3; LOAD T- COUNT
0604 E_.95 FF 4002 ST',N' PTI+2 T1 TO PHASE A
0605 EZ98 20 20 BRA TMDPT2 BRANCH TO TEST FOR MID-POI
0606 4

0607 * PHASE B IS DOMINANT C-A-E:
0608 *
0609 E-.A DE 78 PHBDE2 LDX TI LOAD TI COUNT
0610 E39C FF 4006 ST':< PTMi+6 TI TO PHASE C
0611 EZ9F DE 7A LD. T2 LOAD T2 COUNT
0612 E3AI FF 4002 STX PTMI-+2 T2 TO PHASE A
061: E3A4 DE 7C LD:: T. LOAD T17 COUNT
0614 E3A6 FF 4004 ST:.. PTfII+4 T?* TO PHASE B
0615 EZA9 20 OF BRA TMDPT2 BRANCH TOTEST FOR MID-POIN-i
0616 .
0617 4 PHASE C IS DOMINANT A-B-C
0618
0619 ESAB DE 78 PHCDE2 LD. . TI LOAD TI COUNT
0620 E3AD FF 4002 ST" PTMI+2 .; TI TO PHASE A
0621 E3BO0 DE TA LDX T2 j LOAD T2 COUNT
0622 E3B2 FF 4004 ST.:'.. PTMi+4 .T2 TO PHASE B
0623 E3B5 DE 7C L[:,.' T-]. LOAD T3 COUNT
0624 E3B7 FF 4006 T PT[,I+6 .T3' TO PHASE C

lo
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AsM, V. .

SEQ LOC OE:J SOURCE

0626 +

L627 .T. TEST IF THIS IS THE MID-FOINT IN THE 60 DEG SEGMENT
0'62S .4-

0629 E.BA 96 C6 TMr1PT2 LDA A NPPTD . GET NO. FOR MID-POINT P. P.
06S0 E.E:C 91 C5 Cip A NPPCT .. COMPAF:E TO PULSE PERIOD COUNTE
06:1 E3E.E 26 0 BNE NMC:,PT2 . BRANCH IF NOT MID-POINT

0 6- 13 III-PFOINT OF 60 DEG SEGMENT ENCOiNTERED
0. 4 * -OIMPLEMENT " . I NDE... .COUNT [OWN- ) TO ACCOUNT FOR
0635 FOR COMPLEMENTARY PULSE WID.TH EC'.:OMING IST COMP
S 6-.]:6 -. SET FTPFTR INDE:, TO COUNTDOWN

C6E.7:03 E 7- 7.: 0024 COil .::II'LEMENT J INDEX
06.9 E:C3 CE FFFC LD. #-04 SET FTPTR INDEX
0640 ESC:6 DF C: ST: FTINCR .. STORE NEW INCREMENT VALUE
06 4 1

0642 *+. LIP4:ATE F'OINTERS AND INDICES AND TEST FOR END OF 60 DEG SEG
0644 -+
0644 Ei.C'S 73 0024 NrE:DPT2 COM J . = NOT .J
0645 E.CB 96 C: LDA A FTPTR LOAD PRESENT POSITION MS
0646 E[:CD D6 C4 LA,R B FTPTR+1 J LS
06E47 E:CF D6 C9 A[[*, E: FTINCR+1 MOV''E IN TABLE MS
0648 E-:1:,- 99 CS ADC A FTINCR .. . . . LS
0649 ES::. 97 C: STAl A FTP'TR STORE IN NEW POSITION MS

0650 E3D5 D6 C4 S 'A FTPTR+1 IN TABLE LS
0651 4

0 6 52 TEST FOR END OF PULSE PERIODS
065-..+

0654 E3:,7 7A 00C5 DEC NPPCT DEC. TOTAL NO. OF PP
0655S ED- 26 0z E',NE MPPTD2 ., SLIP IF MORE PP TO GO

0656 E.,C 7. 00CO CON F60DG SET D [EG FLAG
0E.5 7 +-

j658 ., EVERY PULSE PERIOD WILL OUT SET/PRESET OR NULL
0659 + OF'ERRTION CO1MMAND TO PIA TO SET UP FLIP FLOPS
0660 *+

0661 E3DF 96 44 IPPTD2 LDA A PIACMD . GET PIA CMD"D STATE
0662 E--:EI 87 5002 STA A PIA+2 .; STAR.T CON,, TO CLEAR DETECT
0663 E3E4 86 72 LDA A #$72 j PR,'/RST=1., NEW MUX HDDR-SPD CMD
0664 E3E6 97 44 S TA A PIARCMD j CLEAR PIA CMD
0-665 
0666 * DISMISS THE INTERRUPT
0667 *
0668 E 3E8 3E" RTI
0669 END

0669 LINES ASSEMBLED, LOC EE9, 0000 ERROR.S DETECTED.

lot



AMI 800PTMSC PAGE 0018rAFSI' VI. I SYMBOL TABLE

SYMBOL VALUE ArTR LOON- L IN

F6OD.G 0000c 84 2A A,2
FTPN-W o00 84 2AA6
FTPTR 0 003 - 84 2AE:4
NPPMD- 0006 84 2ABD
B'ST AR 00D2 84 2A06.
SFP0 ODOC 84 2AOF
PWD.OM 0072 834 2 AUC.8
PW0OM- 0074 84 2AEI
TPP C070 84 2AEA
TI. 0 0 7 84 .2A F3':
T2'; 007uA 84 2AF0
TZ 0:C07: 84 2805
VP ADDO GODS 84 260E
SFMAX'- 0 0 20 84 2617
5PM I N 0 03:--2 834 2620
P1 AOMD 0044 :34 26;29DOM ID 0020 84 2 63 2
DPF 0022 84 2636
J 00*24 84 2644
FTINOi 000:3 84 264D
MON-t-FG 0051 84 2656
V SR.AW GO0077A 84 26SF
VS-FLI3 OGE7 a-.4 2668
SPRAIW 004AI 8.4 26S 71
FO--RAW 0 0 2:3 , 84 '26 7*A
ESTAP Ol0 :3C. 4 26:33
NPPOT 0005 834 2E68C
POUT 0040 84 2695
FCMIO 0046 84 '2B69E
DIROClD 0009 84 26A7
DI ROUT 0010 84 2660
lP I ER 2000I 84 2 669

MOANt-D 2002 84 2602
PROD 2005 84 2606
PIA 5000 84 26D4 

-

PTMII 4000 84 2600
P1112 2000 84 26E6
WLATOH 2007 84 2BEF
PTIS EGGO 84 26F8
NOTG'-O E055 84 2001
AAR E036 84 ,20A
A., E041 84 20±3
B I N EO7eD 84 2010

* BP. E084 84 2029
* SYPADD EO9A 84 202E

SPOAL EQAG 84 203;7
*SPMNtL EOC 834 2040

S:-F1152 EOS 84 2049
SPOK E 171D . 84 2052
111INUA E120 84 2058
OTCNTS E142 84 2064
DAINI E Io6 84 206D
OAN42 E15E 84 2076

DA2 E16. 84 207F

* (2



SAMI 6800 P11156 PAGE 00±19
ASH V1. I SYMBOL TABLE

SYMBOL VALLIE ATTF LOLN L I NK.

CWRT E24 .2 84 2Ise
CCWRT E342.- 84 CL'-I
EVPPI E282 84 .2 C- A
PHBE:.OI E20 :84 Ii
PHCCD01 E271 84 22 C A
TM-DP TI E2F .13i 4 '= I 5
PHBDEI E29A So4 LE
PHODEI E2t-B -.4 LI 7
NMDPTa. Ec:' L 84 .2DM0
MIPPTDI E2EF 84 '4.L9 ,;
EVPPI2 E-32 84 .2.CE 2
PHCDO2 E37s c4 2ctEB
PHBDO*2 E36C 24 .2CF 4
TMID P T2--_ EZBA 84 2 FD
PHCE'2: E3AB 24 E 06
PHBCs'E2 EZ9A 64 DO0F
NM -ID P T2 ES CSO- 6.4 2D48
MlPPTC-2' E3lD F C4 2D21

END ASH=.t VI. I

a-.s



rfl'l I cL i1 C o,--- ,- . - ....... . ..

IS*M VI...I

SE1! LLIC UI:J SUU ..

idUI NHHI' FEEDE:HL CON (ROL MPU PRLlaRHM

-1002 If :i $.~-L.AAJ4 .F+ *F rFF6...;

OuOb LJ0Ui L'-Yr.1bIE:

00C FFFS FC ouL I R., FE'E: $F u.1 . ) RG VECTOR., E*-IIJ PUT

000,- FFFA FS ou .. WI ,F:U0 . SWI 'ECTOR

000:8 FFFC F8- 00 NrI'v ' VF :.:uDb ., Nrl I VECTOR

0009 FFFE F:S 00 R'ST,, FDB $FS0U . RESET VE_.TOR
L-1010 FC:E:'O .IRlj FC:DL

0011 t+-*C:ON:.TANTS FOR FLTCL

0013 FILTER OF FORM - ,S+W1".',,S+W2)
0014 + - WHERE WI "ZERO" AT 180 HZ.
0-3-5 :. - W2 "POLE" A r 0. I HZ.
001b
00i171 VALUES CALCULHTED FOR DELTA T = 63. 0 iS.
0018 FCDO 3F EE HADD FE:,'B 16-6 . A CONSTANT k*:0. 998920583)
0019 FCD2 DD -'D BADD FDB -8835 .; B CONSTANT ,:-. 5392'5)
L20 F C CD4 *22' SO C:ADD FDB 0.832 C CONSTANT (0. 53906317)
0021 * EFINITIONS REQUIRED FOR SUBROUTINES., PROGRAM
0 0 ...

002 0001 FREQ EQU $0001 .FREQUENCY ADDRESS
0024 0002 lORD EOU o $kX0-- 10 ADDRESS
0025-0 IO 3,'./DACA EIU $0003 VD ADDRESS
0026 0004 vUA'fD EC!U $t004 VQ AEDRESS
0027 0-05 IDAD E--U $0 05 ID ADDRESS
0028 00.12 ER'IT EQLU $C012 .. ERROR MS BYTE
0029 0013 ERLT E.-U $0013 ., ERROR LS BYTE
0010 COOO LLS EQUi $01-7000 ., LATCH ERROR LS BYTE
0031 6-00 L1 EQU $08000 .J LATCH ERROR MS BYTE
00<2 0012 MPFRM EQU $12 MULTIPLIER MS BYTE

-, 0013 IPRL EQiU $13 . MULTIPLIER LS BYTE
00734 0-3010 MPD:,M E.LI $10 -MULTIPLICAND MS BYTE
00-75 0-5011 MFDL EQU $11 , MULTIPLICAND LS BYTE
003. 0011 HDDL EQIU $11 ADDEND LS BYTE
0037 0010 ADDM EQLU $10 ;ADDEND MS BYTE

00378 0013 SUML EQU $13 SUiM LS BYTE
0012 SUMM EQU $12 ,SUM MS BYTE

0040 OOFD RADD EQU SOFD . R* CORRECTION K-MS ADDR
0041 OOFE .ADD EOLi $OFE ,2*PI*F*LI ADDR MS BYTE
0042 0010 PROD EQU MPDM MS BYTE-PRODUCT
0.43 *PRODUCT IS 4 BYTES FROM PROD TO PROD+3
0044 0010 DIFF EQU MPDM .,DIFFERENCE MS BYTE
0045 * DIFFERENCE IS 2 OR 4 BYTES FROM DIFF TO DIFF+3
0046 0032 ESTAR EQU $32 .E* AFTER FLXCL @32, 33
0047 0021 AXM5 EQLI $21 A*'<N BYTES(21-25)
0048 0026 BUNIM EQU $26 ,B*UNI MS BYTES
0049 0028 BUNILM EQU $28 , B*UNI LS MID & LS
0050 002A CUNM EQU $2A , C*UN MS BYTES
0051 002C CUNLM EQU $2C ,C*UN LS MID & LS
0052 0032 UNI EQU $32 ,UN+I 2 BYTES
0053 0047 XN EQU $47 ,XN - 3 BYTES
0054 0034 UN EQU $34 .; UN - 2 BYTES
0055 002A CMB E U CUNM . C*UN-B*XNI

104-



AMI 6800 FEEDBACK CONTROL MPU PROG PAGE 0002

T1 ASM V1. 
7

SEQ LOC OBJ SOURCE

0056 0026 XNIT EQU BUNIM XN. TEMPORARY LOC
0057 0040 ULDF EQU $40 .OLD FREO VALUE
0058 0041 NEWF EQU $41, NEW FREG! VALUE
0059- 004L I MCNI EQU $43 ;TIME INTERVAL TWEEN ERRST"S

ilk
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AMI 6800 FEEDBACK CONTROL MPU PROG PAGE 0003
ASH Vi. 1

SEQ LOC OUJ SOURE

0061 **** SCAL1NG COMMENIS FOR PROGRHM
0062 * E.'ISTING LUHL: rRIAL a
0063 *.WORL:D SHLING INIERNAL FO PROGRAM
0064 "
0065
0066
0067 *~ B B B B B B B B B B B B B B B
0068 *-3,1 30 29 2S 27 2t: 25 24 23 22 21 20 19 I8 17 16
0069 *6 B B B B B B B B B 8 B B 8 B B
0070 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
0072 *
072 *VD & VQ

00-7'3 *S 64 32 16 8 4 2 1.0 0 0 0 0 0 0 0
00;74 *ID &.IQ
0075 *S 128 64 32 16 8 4 2 0 0 0 0 0 0 0 0
0076

....
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AHIl 680 FEEDBACK CONTROL MPU PROG PAGE 0004
-- ASM Vi. I

SEQ LOC OBJ =.UURCE

@708 *
"0079 F8u uRU $FSUO
008* * INITIHLIZAFION SEQUENCE (ALL VECTORS POINT HERE)

" 008i .*- SEU.UENCE ACCOMPLISHES THE FOLLOWING
.U082 *

0083 * STACK POINTER SET TO TOP OF RAM 'ADDR = 03FF)
0084 :4- PIA IS SET UP
8085 * PA = INPUTS (A.D'S OR FREQ)
"086 * PB = OUTPUTS
0087e PB INITIAL VALUES PB?-PB4 = ONO A/D INPUTS ENABLED
u088 * PBI = I NO FREQ INPUT ENABLED
0089 * PBO = 0 NO START CONV COMMAND
0090 * ERROR LATCH SET AT ALL "0"S"

")091 *

0092
*0093*

--0094 F800 SE 03FF ISTART LDS #$03FF .SET TOP OF STACK
080'95 FSOA St. 00 PAS LDA A #$00 ..SET CRA WORD;DDRA CHOSEN
"0096 F805 CE 0000 LDX #$0000 ,START ADDR
0097 F808 A? 00 PASi STA A O,X CLEAR RAM BYTE

-'0098 F80A 08 INX ,INCR BYTE COUNT
,0099 F80B SC 0100 CPX #$OiOO ;TEST FOR LAST ADDR
0100 F8OE 26 F8 BNE PASI ,BRANCH FOR MORE ADDR

--0101 F810 B7 D001 STA A $D001 STORE IN CP.A, DDRA ENABLED
0102 F813 B7 D000 STA A $0000 .MAKE PA ALL INPUTS
0103 F816 86 04 L[:+ H #$04 ,SET CRA WD, PRA CHOSEN
0104 F818 B7 D001 STH H $0001 .ENABLE PRA FOR READ
0105 F818 86 00 PBS LDA A #$00 .SET CRB WD, DDRB CHOSEN
-0106 F8D B7 D003 STA A $D003 .SET CRB. DDRB ENABLED
010? F820 86 FF LDA A #$FF ..SET DDRB WD

-0108 F822 B7 0002 STA A $0002 .SET ODRB TO ALL OUTPUTS
0109 F825 86 04 LDA A #$04 ;SET CRB WD..PRB CHOSEN
0110 F827 B D003 STA A $D003 ,STORE IN CRBPRB ENABLED
.0111 F82A 86 02 LDA A #$02 ,LO PRB WD
0112 F82C B7 D002 STA A $D002 ;SET PRB 'NOTHING GOING)
8113 F82F 86 00 EVS LDA A #$O ,SET INIT ERROR VALUE
0114 F831 B7 BOOO STA A LMS ,STORE ERROR WD MS 6
0115 F834 B? COOS STA A LLS ,STORE ERROR WD LS 6
0116 F837 86 FE LDA A #KADD .LD CONSTANT ADDR MSB
01? F839 9? 00 STA A $00 jSTORE ADDR

-0118 F83B 86 01 LDA A #$01 iLD TIME INTERVAL LS
0119 F83D 9? 44 STA A TMCNT+i .STORE LS OF INTERVAL

" 0120 F83F 0E CLI ,CLEAR INT MASK

-a
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AMI 6800 FEEDBACK CONTROL MPU PROG PAGE 0005
ASM VI. 1

SEQ LOC OBJ SOURCE

0122 *M MAIN SElT.QUENCE PROGRAM
0123 * INPUT OF DATA (F..VD, ID, VQ,I 1) IS FIRST
0124 * FLU:..: CALCULAtION IS NEXT
0125 * FILTER CALCULATION IS THIRD
0126 * OUTPUT OF DATA WORD IS FINAL OPERATION
0127 * LOOP BACK TO INPUT NEXT SAMPLE
0128 *-
0129 F840 BD F85F INPUT JSR INP j JSR INPUT ROUTINE
WECIB43 BD FB41 JSR RECTFY JSR RECTIFY ID FOR OVERLOAD FMC
01I31 F846 ED F9CA JSR FLTCL .; JSR FILTER CALCULATION
0132 F849 ED FAD? JSR ERRST ;JSR OUTPUT ROUTINE
0133 F84C 7E F840 JmP INPUT ; JUMP & CONTINUE
0134 *

0135 * GLOBALS ARE
0136 * INP - INPUT ROUTINE
0137 * FLXCL - FLUX ROUTINE

0118 * FLTCL - FILTER ROUTINE

0139 * ERRST - ERROR WORD OUTPUT ROUTINE

'I-9 at ~ -* - l
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AMI 6800 FEEDBACK CONTROL MPU PROG PAGE OrnP

- ASN Vi. 1

SEQ LOC OBJ SOURCE

0:14 *
0142 *********** SLIBRUITINES ****************
0143 *

0144 * INP -,INPUT OF FREL., VOL FHGE. : CURRENT)
- 0145 (F.. VD, V.!, If., 10)
0i46 * REHL:'S FREQ IN PH
0147 * DOES A/D CUNVERzION
0148 * STORES HLL VHLUES DIRECT
0149 * MEMORY WHERE VALUES STORE[*, IS
0150 * HDDR CONTENTS
015 * 0000 "FE"
0152 * 0001 F

* 0002 IQO
- 0154 0003 VD
0±55 * 0004 VQ
0156 * 0005 ID
0 57 *
0±58 * CONTROL OF PIH IS VIA PORT B

'0±59 * THESE WORDS ARE RECOGNIZED *

0160 * E:' 66 65 64 6 B2 6 60
- 0161 * 0 0 0 0 X 1 ± 0 RESET VHLUE

0162 * 0 0 0 0 X I I START CONVERSION
* 0 0 U x x 0 REHD I0

.. 0164 * 0 0 1 0 x X 1 0 READ VD
01b5 * 0 1 0 0 x X 1 0 READ VQ
0166 * ± 0 0 XX 10 READ ID
0167 * 0 0 0 u X X 0 0 REHD FREQUENCY
0168 *
0±69 *F AT INPUT IS 66 65 64 63 62 B1 X X
0±70 *

-- 0±7± F85F ORG $F85F
012 0055 FZFG EQU $55 FREQ =0 FLAG
0173 F85F 86 00 INP LDH A #$00 .; LL:' READ FREQ WD
.0174 F861 B7 D002 STA A $D002 .; STORE IN PRB
0175 F864 66 DOO LDA A $DO00 .READ FREQ IN PRA
0176 F867 43 COM A . F WAS INVERTED
0177 F868 44 LSR A ; SCALE FREQUENCY
0178 F869 44 LSR A . SCALE FREQUENCY
0179 *TEST FOR FREQ=0, IF YES HOLD E*=O TO FILTER
0180 F86A 81 00 CMP A #S00 jTEST FOR F=O

-- 0181 F86C 26 06 BNE CNFI ; BRANCH IF NOT 0
0182 F86E C6 01 LDR B #$01 sESTABLISH FLAG VALUE
0183 F870 D7 55 STR B FZFu ;SET FLAG

'o0184 F872 20 03 BRA CNFIi ;BRANCH TO CONT INP
0185 F874 7F 0055 CNFI CLR FZFG sRESET F=O FLAG

-- 0186 F877 97 41 CNFI± STA A NEWF ;STORE NEW FREQ
0187 F879 80 06 SUB A #06 sGEN F OFFSET

-0188 F87B 2A 02 BPL GT6 ;BRANCH IF >6
0189 F87D 86 00 LD A #$00 sLD MIN OFFSET=6HZ
0190 F87F 48 GT6 ASL A .POSITION OFFSET

,.0191 F880 88 06 ADD A #06 ,FREQ POINTER
0192 F882 97 01 STA A FREQ .. STORE VALUE
0193 F884 86 03 LDH A #$03 ,SET START CONV WD
0194 F886 C6 02 LDA B #$02 SET SC TURN OFF WD

lo



AMI 6800 FEEDBRCK. CONTROL MPU PROG PAGE 0007

ASM Vi. I

SEQ LOC OBJ SOURCE

0195 F8ea8 B," D'0,2 SIH H $.:,02 SET SC IN PRE.

0196 F888 F7 D002 sTH B $C'0,2 , IJRN OFF SC

0I19e F88E 86 12 LOH1 H #$12 .;LL' REHD 10 WD.

0198 F890 C6 16 LOM E #$18 . LU LOOP CN,:MIUST > SONS>0

0199 F892 5F HOLuOP DEC E. DECR LOOP CNT(WAIT ON A/D)

0200 F893 26 F:, E:NE AFDLOOP J JUMP IF A/D NOT DONE

020i F895 67 D.02 STA A $DOt02 ; ENABLE 1i0 AT PRA

0202 F898 F6 D000 LDA B $DOOO . L[' IQ.

0263 F898 G8 7F EOR B #$7F 2"S COMPL IQ

0204 F89D D" 62 STH B IQAD T STORE IQ

02u5 F89F 86 22 LDLA A #$22 ;L[:, READ VD WORD

0206 FSA1 B7 D002 STH A $DO02 ENAB V:'- AT PRA

@207 FSA4 F6 6 000 LDR B $E,'ee .. LU VD

0208 F8A? C8 'F EOR B #$7F .- 2'S COMPL VD

02019 F889 D1 ' 0i STA E: VDFID j *STORE VD

021u FO AB 86 42 LDH AA #$42 ,LD READ VQ WORD

U211 F8HD B6 D002 STH H $D602 ENAB Vt HT PRA

6e212*' F8O F6 D00 LU B $DOOO L2' Vt)

0213 F8.3 CS ?F EO. B #$F COMPL V

0214 F8S5 D 04 STH B VORD STORE V')
0:21v5 F86? 86 82 LOH A #$62 L[' READ ID WORD

0216 F889 B7' D02 STR A $D002 ENAB ID AT PRA

0217 F8BC F6 ,."000 LDA B $,'00j LD ID

0216 F8BF CS 7F EOR 8 #$7F ;25 COMPL ID

.219 FSCi D7 05 ST B IDAD . STORE I[:.

0220 FSC3 86 0 2 LDA A #$02 LD RESET VALUE TO A/D

0221 F8C5 B7 D002 STA H SDO02 RESET A/' ENABLES

0222 F88 86 FE LDA A #$FE . L[ KI MS ADDR

0223 FSCA 97 00 STA 8 $0000 STORE KI MS RDDR

0224 FOCC 39 RTS

A

lto

tmc



AMt~I C0 FEEDBHCK.. CON rROL MFPLU PROG PAGE 0008
HSH V.. ±

SEQ LOC COBJ SOURCE

3227 ********** FL::CL *********.*
J228 .4 1RIES Tu IISE COMMON SECTION OF RAM

.. FUK CHLCLULA[ION
C 13- * '-.E*UENCE OF OPEPHrIONS IS
0231 .1 LuUK UP 2*P I *L*F

: 4 Ki* Ii. .u = P
2:S *- L:'-P I = Si
2 4 , 5I*Q = P2 STORED AT 0020, 0021

0 2 .-5-+5 F1j.* = P':::
u 2 _l* lb'-..+P 52
Lj27 ' *" *j Ib P4

023 F2-P4 2W '4
S3 2 _*-: . * 14X:r= ('V[-:-KI* I Q ), -( VQ+Ki* ID) I D
0240 : R-W,, = ERR STORED AT 0010, 0011
U241
0242 * THI'. SECTION DOES P, 1, P2
U24 F :.D0 ORG SF8DO
0244 F.-D. DE Ou1 FL'CL LDN $000* 0 LD Ki ADDRESS
0245 F:D2 AlO. 00 LH H Wi, X .. LD KJ MS
U2 46 F -D4 EP6 01 LDA B t 1 .- LD Ki LS
0247 *
0248 *K1 FORMA f (RANGE F=6-60,. 0. 0-:769-0. 3769)
-0249 * Li ASSUME: = 1. 0 MILLIHENRIES

250 *B15 614 613 B12 611 610 B9 68 B7 66 65 B4 B: 62 B 60
w251 *S 1 . . .25 X x e ,<A X ANN X X X X N4
0252 *
0253 FSD6 36 AB PSH A .. TEMP STORE Ki MS
0254 F8D7 37 PSH B .j TEMP STORE K1 LS
0255 *P CALCULAT ION

- @256 F8D8 97 10 STA A MPDM .; STORE KI FOR MULT
0257 FSDA D7 11 STA 6 MPDL .. STORE Ki LS FOR MULT
0258 F8DC C6 00 LDR B #S00 ;LD IQ LS BYTE
0259 F8DE 96 02 LDA A IQAD LD 10 MS
0260 F8EO 97 12 PIl STA A MPRM ,STORE IQ FOR MULT
'D261 FSE2 D7 13 ST A B MPRL ., STORE IQ LS
0262 F8E4 6D F658 AC JSR MPYi6 .. DO KI*IQ
0263 *
0264 * 1I*1Q FORMAT
0265 4 E:31 630 B29 628 627 626 ------ 601 600
s266 * S S S 64 32 ........

0267 *
0268 *P DONE, SCHLE USES PROD AND PROD+1 FOR Pi AFTER SCALING
u.W269 F8E7 86 02 LDA A #02 ;L) LOOP COUNT
0270 F8E9 78 0012 SCPI ASL PRUD+2 .. SHIFT LS
,0271 F8EC 79 0011 ROL PRUD+ ;SHIFT MID BYTE
02e'2 F8EF 79 0010 ROL PROD JSHIFT MS
-3.273 F8F2 4A DEC A ; DECR LOOP CNT

0274 F8F3 26 F4 BNE SCPI .. BRANCH FOR MORE SCALING
0275 FSF5 96 10 LDA A PROD LD P MS

..0276 F8F7 D6 11 LDA B PROD+1 LD PI LS, TRUNCATES
0277 FSF9 43 COM A SET -KE*IQ MS

"278 F8FA 53 COM 6 SET -Ki*IQ LS
0279 *

I.

• | , ,- .



S

AlII1 6800 FEEDBACiK CONTROL MPU PROG PAGE 0009
ASH Vi. I

SEQ LOC OBJ SOURCE

02860 *.it FORMA I-ADJUSTED
6281 *. S 12: 64 32 i 8 4 2 1 5 25 X X X------
0282 * RHNGE '0. --- >9b. .,
6283*
0284 F-F: 97 i-. TH A ADDM .; STORE P1 MS, FOR ADD
6285 F:FD DT 11 STA B ADDL .; STORE Pt LS
6286 F8FF C6 00 LDA B #SOO ., LD Y:' LS BYTE
0.287 F961 96 0 LD A VDAD L[ VD 'MS
6288 * SCALING OF VD, MOVE RIGHT I PLACE K+ID MATCH
6289 F-03 47 CV'[ ASR A j MOVE MS I PLACE
6296 F904 56 ROR B MOVE LS IPLACE
0291 F905 OD SEC .SET CRY FOR SUBT
6292
0293 * VD FORMAT ADJUSTED
0294 *S S 64 32 16 8 4 2 1. 5 .25 X X X X
0295 ' RANGE <+.'- 128)
6296 *

0297 *DO VD-K1-*+:I).; TRUNCATES TO 16 BITS
0298 F906 ED FB8D AD JSR ADDi6 .; DO VD+Pi
6299 *S1 DONE
0300 * S1 FORMAr SAME AS VD ADJUSTED
001 F909 C6 0 LDA B #$00 LD IQ LS
0302 F90 96 02 LOA A IQAD jLD IQ MS FOR ADD
0303 F90D 97 10 SIC STH A MPVM jSTORE VD MS FOR MULT
0304 F90F D7 11 STA B MPDL ;STORE VD LS
0305 *DO '.VD-KI* I Q * I Q
0306 F911 ED FE58 JSR MPYI6 .; DO I Q*S1
0307 *
0308 * (VD-KI*IL*IQ FORMAT - 32 BITS
0309 * S X X X X X .4 X 8 4 2 . 5 .25 X X ---- >LSB
0310 *
0311 *P2 DONE, STORE P2 FOR LATER USE
0312 F914 96 l LDH H PROD ; LD P2 MS
0313 F916 D6 11 HE LDA 8 PROD+1 LD P2 LS
0314 F918 97 20 STH A $20 . STORE P2 TEMP
0315 F9IA D7 21 5TH B £21 .STORE P2 MS MID TEMP
0316 F9iC 96 12 LDA A PROD+2 *LD P2 LS MID
0317 F91E D6 13 LDA B PROD+3 LD P2 LS
0318 F920 97 22 STA A $22 STORE P2 LS MID
0319 F922 D7 23 STA B $23 sSTORE P2 LS
0320 * SECTION DOES P3,52,& P4 CALCULATION
0321 F924 33 HF PIJL B .; PULL Ki LS
0322 F925 32 PUL A .PULL KI MS
0323 *P3 CALCULATION
0324 F926 97 10 STH A MPDM $ STORE KI FOR MULT
0325 F928 D7 11 STA B MPDL STORE KI LS FOR MULT
0326 F928 C6 00 LDH B #$00 ;LD ID LS
0327 F92C 96 05 LDA A IDAD ;LD ID MS
0328 F92E 97 12 PID SiR H MPRM sSTORE ID FOR MULT
0329 F930 D7 13 STH B MPRL .; STORE ID LS
6330 F932 ED FB58 JSR MPYi6 ., DO KI*ID
6331 *
0332 * Ki*ID FORMAT
6333 * 631 636 629 628 627 826 ------ 01 Bee
0334 * S S S S 64 32 ..............

'- 'I



1MI 661600 FEEDBACK CONTROL MPU PFROG PAGE 0010

AstiV1. .I

SEQ LOC OBJ =-OCURCE

0-323 --6 *p-: [:ONE. SL.ALE USES PROD+I AND PRO:,+2 FOR P3'
0..R3 F'.;.5 8 6 02 LDH A #02 . LD LOOP COUNT
0-Z3 F _1 7,78 02 ' SL:F": H', L PROD+2 .; SHIFT LS
03o-:9 F9 _H 79 001j ROL PROD+i SHIFT MID BYTE
0834u F0 ' 79 00±P .fL PROD SHIFT MS

0341 F-40 4A DEC H $DECR LOOP CNT
034' F441 :"6 F4 BNE SCP3: . BRANCH FOR MORE SCALING
034. F94S7 96 1CD L[,A A PRO[., .LD P2: M"S
0344 F_49 , 11 LD6,i B PROD+I LD P2 LS, TRUNCATES
.45 +

08346 +: [1*1 b. FORMAT-ADI. IJSTED
0347 4s 12: 64 :2 :- 4 2 .1 5 . 25 X
0348 . RANGE ,0 0. 0---->96. .:
0349 *

0350 F947 97 10 STH A ADDM . STORE P3: MS., FOR ADD
051 F'949 b7 1 STA B ADDL ; STORE P3.. LS
CiA52 F94B CC 050 LE:,A B #$.00 SET V! LS= 0
C2.5" 1: F94D1, 96 04 LDH A ViPAD 1 LD VI MS
0354 * SCALING OF VQ., MOVE RIGHT 1 PLACE .. K:*Ii MATCH
0_-55 F94F 47 CI- ASR A . MOVE MS I PLACE
0-56 F?50 56 ROR B $ MOVE LS IPLACE
0357 F951 OC CLC .. CLEAR CRY FOR ADD
f-l: 8  4

C, _7 59* 9VQ FORMAT ADJUSTED)
0_3u * S S 64 32C 42 . 5 . 25X:: :.
LA61 * RANGE '.+,'- 1'8 )
0SC2 .+
u7:6 -*DO ,:','Q+f(2:.I[D), TRUNC:ATES TO 16 BITS
0u764 F952 BD FBSD JSR ADDi6 .; D, VPQ+F3

S0365 *52 DONE
03C6 F955 C6 00 LDA B #$00 LD ID LS
0 367 F?57 96 05 LDA H IDAD 3 LD ID MS FOR ADD
0368 F959 97 10 S I C:, STA A MPDM .; STORE VI! 'S FOR MULT
0369 F9SB D7 11 STF B MPDL . STORE ViQ LS
0370 di.O (VQ+KI*ID I.'ID
0371 F95D BD F858 JSR MPYi6 .. DO ID*S2
0372 4
0373* (VQ+KI*ID)*ID FORMAT - 32 BITS
074 * X X X X ' 8 4 2I. 5 . 25';.- XLSB
0 2:7 *
01.76 4 SECFION DOES P2-P4 <32 BITS)
0377 F960 96 23 AK LDA A 23 LD P2 LS
0378 F962 )C 22 LDA B $22 LD P2 LS MID
0379 F964 90 13 SUB A DIFF+3 ; P2LS-P4LS

" 0380 F?6t D2 12 SBC B DIFF+2
038± F368 97 13 AL STH A DIFF+3 iSTORE P2LS-P4LS
0382 F96A D7 12 STH B DIFF+2 s STORE P2LS, MID:-P4LS.. MID
0 383 F'96C 96 2± LDH A $21 $ LD P2 MS MID
0384 F96E D6 20 LD- B $20 LD P2 MS

-- 0385 F970 92 11 SBC A DIFF+I $P2MS, MI[,-P4MS, MID
0.386 F?72 D2 10 SBC B DIFF ; P2MS-P4MS

-0187 F374 97 1 AlM STA A DIFF+I .- STORE P2MS, MID-P4MS, MID
0-.68 F976 D7 10 STH B DIFF $ STORE P2t'1S-P4MS
.389 * WX IS 32 BITS NOW AT 00±0 THRU 00±3

,

to *- .. .. . .. . .. . .. .. ._ -



AMI 6600 FEEDBACK :CONTROL MPU PROG PAGE 0011

RSH %I. I

SEQ LOC O;J SOURCE

0390
j91 * SECTION ADJIJSTS 2W::-.'. FOR 16 BITS OF ACCURACY

0392 * PRIOR TO "R" CORRECTION
032.3 W,... SIGNIFICNCE IS [:,IFF AND DIFF+1
0394 .t. R:t. & W.: FORMAT IS 16 BITS

95:: 16K SK 4K 2K W 52 256 128 64 :2 16 8 4 2 ±
0396 +
03*9*. WX:.' IS$ POSITIVE :::::: : ****;**.*:*:.*.::
OS98, :+

03' .'9 j TEST2 SCALING OF W... MOVE LEFT 2 PLACES
0400 F'_78 96 55 W.X._. 'COR LDA A FZFG ;LD F=0 FLAG
0401 F7A 27 OE EEC SCNW', BRANCH IF F NOT 0
0402 F97C 4F CLR A
040. F97D 97 32 S-fT A ESiAR . CLR ESTAR MS
0404 F97F 9? 33 STA A ESTAR+1 .CLR ESTAR LS
0405 FM96 97 34 STH A UN
0406 F383 97 3'5 STA A UN4+±
0407 F985 97 47 SIF A H XN .CLF. XN MS
0408 F9:_87 97 48 STH A XN+d ; CLR XN LS
0409 F.89 3-4 RTS .; RETURN FROM SU'BR
0410 F_.-A C6 01 'SCN. LL,-A B #4u± .. SET BIT COUNT FOR LOOP
0411 F3C 78 001: SCAX .L :IFF+3 ., MO''E LS LEFT ±
0412 F38F 79 0012 ROL :IFF+2 .; MOVE M I[:-LS LEFT ±
0413 F392 79 0011 ROL E, IFF+±. MOVE MID-MS LEFT ±
0414 F995 79 0010 ROL 0IFF .MO'VE MS LEFT ±
0415 F998 5A DEC B .DECR BIT COUNT
0416 F999 26 Fl BNE SCW:-. BRANCH FOR MORE SCALING
0417
0418 -IFIED 3-30-83
0419 4 ,:.FILTERS W-, BEFORE SUBTRACTING R-*. CLAMPS WX)
0420 4

0421 F99 96 10 LD A [IFF ., GET NW:'< M'S
0422 F99D D6 1± LLA B DIFF+± .- GET WX LS
0423 F99F 43 OC'H A . COMPLEMENT
0424 F9A0 53 cUm B
0425 F9A1 81 21 L:MP A #$21 .CLHMP TO PREVENT FILTER OVF
0426 F9A3 2D 02 BLT NOCLMP
0427 F9A5 8b 20 LDN H #.20
0428 F'4A7 97 32 NOCLMP STA H ESTAR STORE FOR FILTER
0429 F3A9 07 33 STA B ESTAR+1
0430 FAB 39 RTS
0431 *
0432 4 END OF MODIFICATION

U4114

p _ _ _ _ _ _ -



HMl I-; i FEEI.B:HCi.* CONTROL HWO PRfla PAGE C'C012

SLID LOG:OB 02: 11 ~F :E

04 1.t...4:.:. FLTIL 4::+::+$4:.4

04A:. -+ Fi±L [Eft CLL:LLA rIU

0437C + FERFORMS SA'+BFILTER i-Lu'JPiRI I H
W40=. D ['NE FOR Ev'ERY INP-UT I ,LLIE
i0411 '' *t j -i iS it. Bl'i 1 5 SIREL' Hf F 1u~ .. oLik-
01441L 1< L UER N LiS I NC1-LUI bE:E
'3441 *::u At:- B.*:LNI + C:*l

* 0442; 'T' YIJ1 UIJN1 + N.1i

442>.4 Ci-NSJANTS H.* B.. C ARF!E ST f P!EL DI1N Hv!_'[11
0444 :4M: UNI NFL STURMU IN PHMl HT 00].0-00-:1, cL:012-0@3:3-"
'3445 *UNI= E-* FROM1 FLX :CL
044C. U4 IS 'STORED A I 0024.., 00.f,
1144-7
0 4 46 .8: FORMHA FLIP I:H V THIS SEL: 11 ON
044-4 :4 CNS I NN [SA.. B. HAV,.E lt.b'l HS1 .
0450 . B15 B14 Ell B12 E41 BIO BY B8 BT 2:5 B 1 B.2 B El EL

55 .. 25 X Y!
03452 *UN Y: U-4+1 H-eVE FORM
0i457.+ 16K. 8[ 41 2K< IK 512 :. X4 64 3:2 16 ' 4 21
t1404 4 XN FU~Ri
'3455 S 41c-Of. Y.,. .. ... .. .. .. ..

'3456 *TT.J+i. HH'-- Fort

0459 *tY+ S H 25i'61

114601 :+
U461 P9-io C$Ht
0462 F9 CA FE FC:L.' F L~uL L:4 HHL:D G Il N
u: 4 6. :F9C. [)F I±US I X, Ii-L' .. ND SH.mE FOR MPT'
0l464 Ft C F IDE 4?- LL: . U;lET i m

ii..i6:4* SPFEC-.IAL OP FOR - ::-:NS

u 466 E F'9 LI 9 b 4 7 LDti H :4 .LI: :;N MS
0 46?--. F D. 49 FOL H .;'ET SIGN
u468 F'-oD 4 24 111 BCC C2:.:P .;p BRANCH FOR N
0469 F9D6 08 1 INX .; INCR MSBYTE
0470uF-a PS:'? DF 12 C>W.:: S T:.. MPM .. NNI:' SAVE FOR MPY
0471 F91:9 ED FB58 J3SR MPYTIC- DO[: AW::N
03402 * AWKN DONE., STORE 4 B.YTES OF PRODUCT
00-73 * S TORE N4XN ':40B ITS) FOR ADD
01474 PSDC I.E ILIL;:: PROD GET A fiN MS 2
'347 FSD;1:E L.'F 2.1 T.n-: AiXMS STORE MS 2

'J4 F-'4EO0 DE 12 L.: PRUD--2 S. -ORE 2 LSl. BYTES
iJ 4 .',' F YE2 IP 23 ASaTS+2 .. STORE 2 L'

01478 4 DLI INi 24 BYT 16 BI 1 MLIL I I PLY-r
04;' F--t4 FE FoL:'0 L:,: NADD .. LI: A
j48o FRE7 LiP 10 514.. MPDM . STORE FOR. MULT
'3481 F'--E9 't6 47 LDH H :4N 3LI: XN

-j46;:. F*zEB 49 ROL A .. GET SlIM
'4d F..EC ub 1 P"I34 LUsA A 4$00 LI: + MS BYTE
0464 F'YEE A4 L12C B=L.C: ,H: P. RHNC:H FOR +XN
04:85 F3FO 86t FF LLi.' A #$FF .. LD - MS BYTE
0466 F-,;F 2 D. 43 CN.4-N LDN B :N> .LI:' XN LS BYTE
0464 Fr9-;F4 -9e 12: SINH N MPRM S1lOPE MS FOR MOL T

048.FSF6 U e 13.- STA b M-PPM+1 ..l STORE LS

its



HMII 66.00 FEEL:.H-L'K* C:ONTROL rPiPU FROG1 PAGE 0013
ASH vi-. I

SEQ LOC OBJ -aU_E

L j4: F,-;F.8 E:' FB.: JSk MlpyIC . DO LS MULTIPLY
zi.4,9w ; COMEf I r 'Hitr I AL PROE'Ccfs OF M*:XN

0 491. F9;F 6 '9 6 LL:H H PR-,OD-I-S3 j Ui, LIS BYTTE
042F~E' TH Ai AXMItS+4 j. STORE LS BYTE

£492;13 FF .I L(>H R P ROD +.2 o LbL., LS P MIDC
049_ i4 F F tI D61 11 LDH B P*ROD+I .; LI:D H;. MI D

U '- _5 FG. I'Sz 6 E" 4 HLL H. -"f- _; AM+ 3 AL:D LS MI D
C49,;6 F H K [:HLLP&IAS+2 .; N-E':.r; I [C,

Lu4 *97 F Hlo& C' 4TH AHAXMS+3 .. .TO RE LS NIl:D
U 4'9i F H~ .: STrA b HXMS+2 ._JORE M1S MID:
0 49,_ PHOE; Do~ 10 Li, 8: P5:01' . Lb M-S OF PROiD:
J5 0 0 FHOD:4 or 1I LOH H PROD.. Lb M IS O F PRO 0D

L15CII FHOF Hit:C Hi AX",MS -s $+ HOD: MS
£'502'_ FHil b'_ ;: ±DC. L-1 AXMS .'HE:U.M OF AN
05021_ F H Il SiAH H AXMIS+1 ..-. TORE MS MID
C1504 FAtS D:' 7f 'STHA Bi AMS '-.TO0RE MS BYTE
0505 HAV-;E Du NE A*+ IN NEXT UP IS B*UN±
ul uL6 FAIe FE F C2 Li' BAD .. 'EV B
0507. FHIH UF 1u 1 MPDM .. SAVE FOR MFYT

L' FAHIL: DE --1' LE',:. UNI .. GEl UN.I
~it5 Cf' EHIE UP 1'2 1 [iRMl .. SHYE FuR MIPY
051u FA2O BED F B'a II M-Y1b .j E:O E*:Ur.J
0511 FA2Z DbE Iii LL" p RO 0D SHVE B.+UNIr.4 IN LOGS .. 27, 28, 29
0 51 FH2S OF 26 T1:. BLINIM

ubi FH7 E ±2LO:X: PROD+.:2
L1514 : TA2 (A. : PUNILM1

HHVL U(+-LE FED. BtUIN1. NEx r LFis IS G:u
056FA2B FE FL.')4 LU:,: DD: U. iET C

uSI1 F H2 OF Ilu 1: PDM .. SHV-E FuJR MPY
uUlti6' FH-:0L b.'E £: '4 LUIX- UN .. GET UN
u 51w- FHS 2 D F 12;: -I:; MPRFM SA'.VE FOR MIPY
u'Jb;;~ FH3&4 BL' FE:8j'5 JSR HPI DO C*U
k) 5 e'1 PAZ?,., DE Iu LD p RO D .. SAVE C:*UNLt. IN LOGS 2A, 2B., 2CG.2.0,
wu5 F PZ-3 1P 2H- SiX CLINM
Li0 FHi.B bE 12' LlsX FROU+2

£12 elDD C 1:..: CUNLM
5* MAVE c:UFIVLETED MULf FOR N. NEXT OP IS XNI CALC

LIZ, 2 6~ DU'ING A*A.e'-eB*.UNI+2.*N.
0a52V

*'n 15i 'JERHTrION - DLU :*UN-B*LNI
U52 * E'SULUrFI UN NEEE:'ED = .32 BITIS

05sAO FADE: F: --. 2D LUP, A CUN4LM+. .j GET C:*UN
05l ]5I H41 D6 2C LUH B LUNLM
O53.2 F H4S2 9£ '.2-9z E:b A BUNILPM+± ,SUB TRAFCT: :*UN-B*UNI
U5 3.:1 FH4b, D 2 2 ~ SBC. b BUN±LM

u53 *DON* NEED LS BYTE DUE TO 'SCALING
uIJIS. FA4 7 97-( 2D) 5TH H CMB+& -JORE LS HL:'."LS SCALES)'
uSG3. FH45 DZ_ 2C S TA b cMB1+2 .. STORE LS MIDj
USSXe FH4B 9r6 2B LOH A CUNM*1 .. LE C*UN rsmS MID
UtpS F H4D Do. 2H LDA B CUNM Lb C*UN MS
0al CH4F 92 2re SBL: H B='UNIl+1 DO C*LIUN MS MID
0540 PA'.:t D2 26 S.2 C B BUNiM1- .;DO C*UN MIS
u54±1 FH53 97 ;cb HI A CMb.i $ STORE CUN-BUNI LS MID
0542 FPAS:1S DC 'eH SlA B CMES. STORE CUN-BUNI MS MID
u$41. 3.,LI*N - *UtNI DUNE IN ADUR A-::2u



i-tNI t-*'Ci-'u IE-Lb.~HC. IWNRCl FI Fi'I.OG PHGE 4014
HSM V1.j

S Q LCI'. I: iL~~

0544 *t .i -iH+U .+I-+N
U4~-i +1:'.iIN riC ' :l 4W 1 bl1-i L . OF H,< Lz.- I-IF C~rib:

* ~~ ~~ P -iF]IHK;, GULN-BUIi z:.HrIL LEt4'.3 H f3HS-

lC4' 0-JU''iiI LAUl $50 .1 iut11 LF crie
LitSu F H.: r r- LO:H At 0-16 LI; L:ME. tl1=.

0 5 52 FF 'J0 LL'H r: #$00 .. ...ET + SIGN
LV55. FA5t: 24 u2 LIUM L.ERNCHF'.:+:
0554 FH5E.~ r LO:H H #$FF S ET - SG

U 5 55 s FH~ P- C, -1.,1 pue T A A t:MBT S..TORE SIGN BYTE
5 tb *-S IGN BYTTE READY.T LI Hl:':'

0t558 FR 612 So 2-.5 LO.H H X I1S + 4 .. LI: MSD E'T E LLI-BUI
0 5 5'; F Hl=4 '- '' HODI. H rE::. HDL: LS BYTES
H0t-,LI F nl I- *9 STA H A X.'Mz+4 TEMP STORE XNI LS

0"5-.1 F H E. 6 '2. 4 L.H H H:.. 'ri s+: 3, LI: A*XN LS
0 5 F H A 6R 'C6 LL'F B A::.-'rPI.S.+ 2 .; Lb H.+X'N't-. S 1 1

E5613 F Ht I 9- .- - HL'L H C:(1B+2 .. HODI He--' +1)1 II I LS
051=4.- Fi " I=- E ::LADC:BL:NB+i

H I l-70 3 -1i H -- .4 rJ1 + -- fSORE 'It<N± LS TEMiP

0i 56-7 FR 74 '-1 9 LDH r~HThi LI H:+*r:-". Nib
05-:F A7 6 - I- LI:H B A X:I IS. L'-- H+*:4:N Il.'

5.f F- FH - H H:-,": H 'G1E . HDE![1 FJT I ES
w5luFH7 -I :4 5 0 HO:C B :E: r--E f. HE:' SIGNJ CM

C±5 I-H 7C9727 ST Ni 31H H :-NIT +I -TOIRE e..:r.41 tlU: MiL'
0572 FR. E D,7 6t -IH b, fS4TIORE IT- TEMP

~~j57J-4 D+ ~LONE NEED. TO' S3LHLE TO NHrCH LINI1 -: STORAG~E
TO~lKI F'U='l 1lLN('$HIFT 2#

055FHE: "C3 81k2Z LOHi- H -tht*'2- .LD SHIFT LurJ4

L5 7 FH;3.5 79 0 029 ROIL e:.t+.;S:E N
*, 5 F H6C o i 002;i kUL .11+2 .IN

* Z F H-.'E: 79 0027 r-LL ;Ia.+ .TEMiP
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0001 REM PROGRAM GENERATES VALUES FOR V PEAK N-, ,..'Y' VPEAk
&D002 REI THIS IS TO NORMALIZE AFFECT OF B+ VARIATIONS
000- REIM ON THE OUTPUT VOLTAGE.
0004 REM
0005 L INE= 0
00.10 PRINT 7. " NANM PEAF. TASLE"
0020 PRINT #7., " ORG .E-SC'

003.0 PRINT #7., .

0040, PRINT 47. ": SCFLIN O OF 2,,,'6FEA. :: -5"
0050 PRINT #7. "* GIVES 'SAME SCALING A_ S-:ALE FACTOR"
0060 FOR E=-- TO 80 STEP I
0070Cl E: I 2'..:s.,.,
0080 81= INT ( 81..
0090 '30SLIE 500
0100 NEXT 8
0110 FOR E=:-j: TO 150 STEP 1
0120 81= 128,.B ...

0110 E1=INT: E:.
0140 GOSEUB 500l
0150 NEXT E:
0160 FOR 6:=151 TO '255 STEP i
0170 E:=(12,-/1 -256
0180 81=INT,,BI)
0190 G-SUE 500
0200 NEX,:T E
0210 G0TO 800
050CI PRINT #4.- " -'P= ., , 2./V PEA. :4. 6. 81
0501 KB''E;
0502 IF 6<8-0 THEN K=2.
0503.: IF B>150 THEN f=110
0510 PRINT #7. "VP'", B.- "FE', ".B1, '; FACTOR=". 128,K
0520 RETURN
0800 PRINT #7, " EN:"
0810 END

. . . . . ... . .. I-,I--I I -,, . i- .- li . -,
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000 E.0 u ''F FE: 5 1 F AF:OR

.-O-' E , 5 L.- i. l-il VF I.. FL:,E . FACTO
100, E5L14 0" H IF' F: 512. F-CTOR =2

Oo'-l E0-r, U..- ' i - F .±5 .. FHI-:TOR
0010 ESO: 5 iL- ',,'F'4 FO- I.- ., FAIG TIR 2
0011 ESr0 AU,1. -" VF* F A FACTOR
00lL2 E5OC 0.Cu 2 uu. VF_'- F.B 512 FACTOR =.2
00±.1. ESiOIE 02 00 'YPT7 FE: 512 FACTOR
0014 E7-10 0:or 00 VPS FDB 5-1 FACTOR =2
0015 E.5/'2 O.: uO0 'F'? FO:,B 5:11 FACTOR =2
001' E514 w02 L0 YPiO FO:,E 512 FHCTOR =2
0017 Ebi; 0.u-"u YP1. ±vEF512 FE: 5I $FHIT'. =2

C~f. £2116 L -- 00 YP ICL FOB 511-1 FACTOR =001, EiA 02 O VP1. FOB .. FACTOR
001 EIA 02 0u VPI FB,6 5 .,FACTOR C2'

IuD C1 ESIE1 0 2 00 YP14 FOBE 5£1 .; FACTOR00-22 E51E20 02 00 VPi15 F[ Ji FACTOR
, 02:: E52E 02 00 VP.5 F[B 512 FACTOR =;2

0022 E52 -:.4 0 00 ' VPIS FO:,B 512 FACTOR
0 02 E5226 0 2 i0, VPI9 FO:,B 51: FACTOR =2
0 026 E524 0.2 00 0 F FOB , .- FACTOR =2
0027 E5 2A 02 00 F ,PIl FOB 5 1 FACTOR =2
0028 E52C 02 00 P2 FOB 5l J. FACTOR =2
0029 E52E 02 00 ,1 P 2'F* FOB 5 . FACTOR =:
0 03: 0 E530 02 00 VF "'24 FOE:- 5 1. JFACTOR =2
u0-7. E 5 -.2 02e- 00 VR - FO'.B 1 . FACTOR =

0 E5 -1,4 02 0- 0 vt FOB 1 , FACTOR =2
00-3Z'3 E5C: 02 00 VP27 FOB 51 FACTOR
0034 E5S 02 00 VP28 FOB 512 FACTOR =2
0 03. 5 E5A 02 00 YP.*219 FOB 512 .FACTOR =
00_6 E53C 02 00 ' 34 FO:,B 5- 12 FACTOR =2
003:.7 E53:-E 0.'2 00 VP3i FOB? 111 FACTOR =
003:8 E540 02 00 VP32 FOB 512 .,FACTOR =2
00:9 E542 02 00 VP33 FOB 51 1 FACTOR =
0040 E544 02 00 VP7: FD 52 . FACTOR =2
0041 E546 02 00 VP5 F-B 52 FACTOR
00,4 E548 02 00 VP36 FOB 5.1 FACTOR =2
004: E54A 02 00 VP .  F:B 512 FACTOR -

0044 ESA4C 02 00 VP7S F:B .1 FACTOR =-
0045 E54E 02 00 VP.3 FB 5 . FACTOR
0046 E,, 02 00 VP4O FOB 5,142 .FACTOR =2
0047 E552 F 00 VP4 FOB 512 FACTOR =2
0046 E-5654 02 00 VP42 FB 5 .. FACTOR
0049 E556 02 00 vP4- FOB 5....2.,FACTOR =2
00'50 E558 02 00 VP44 FDB -FACTOR-=2
0051 E54A 02 00 VP45 FDB 5i2 FACTOR =2
00 542 E5SC 02 00 VP46 FO:B 52 .;FACTOR =2
005 E.5E e 00 VP47 FOB 512 .FACTOR =2
0054 E560 02 00 VP48 FOB 5 1 FACTOR =2
0055 E562 02 00 VP49 FOB 512Z .. FACTOR =2

Q17

a 08E5 20 F4 [;B .l". ATR=

* --04 - E5 6 0 0_,"4 D .,-' _FC O
00 - -- 0 0 V4 F[' 5i- - FCTOR



MI 16600 F'Ei... TABLE PAGE 0002'
ASM" V1J. I

'EI. LOC OE'j -OU:CE

005 6 E564 02 4 0, ,,,F,%'F-' FAB I F142:TOR =2
0057 E5,6 Clz. 00 V,,'P.. F[E: . FACTL-F =2
00Ci56C E56 02L O FP5 FEB I E.1HIS :TOP. =2
0053 E5 6 iA 2 0 .-IO v'F'.-7 FE:,E: .. FHCTOR =2
00I0c, ESC 02 00 VF -4 F[EB JI2 -F FHCTOF=
0061 E56E 0.2 00 ,'FS, FEB -2 FAIT-: =
00612. E,-5--- 02 00 VFS F.E .. FACTOR =
0063 E572 02 0U P5 F[:,E' 2.FHC:TOR =

064 E5,74 02 00 ,F_: F:E'. - FACTOR -

00C6._C E5.6 02 0 '00 -'F '- F[E: 512 FACTOR =
0066 E--,,: 02 00' ',,'Foi F[,E: ± . FACTOR =-"

00 67 E57A 02 00 VPcI FEB S. FHOTOR
006$S E7C 02 0 VF'2 FE, 512 FACTOR =

0 063 E57E 02 00 %+FCS] FE 5 FACTORIF
00-70 E58C 02 00 '%*.,4 FEB 512 FACTOR =2

0071 E5-E 02 u0 VF... 5 FE 5±. FACTOR =
0 072.!: E 56 -4 0 2 O FC; FDB 512 .FACTOR =2
0_07 E566 02 00 V. FE:.B 512 , FACTOR =

0074 E588 02 00 VF68 FDE: I2 . FACTOR =

0075 E5-A 02' 00 VF4 FDB 512 .FACTOR=

0 076 E56-'.C 02'; 00fl '/7 c FDB6 5±2 .. FHCTOR =2
0077 E.56E 02 IO VPT FDB 52 A FACTOR =2
0 .0 E590 0-2 00 VP: F-B 12- FACTOR=2
079 E53'42 02' 00 ,F-7 FE 512 . FACTOR -2
0060 E947 02 00 ' 4 F' . FACTOR-=0061 - E594 02': 00 'F-7 FEB 512 FATOR
006,2 E59 0 00 F. ," FE:'B,6 51' FACTOR 2)
-0$: E5,A 02 00 F,. FE ±- . FACTOR =2
0084 E59.0 2 00 FB 512 FACTOR =2
0065 ES3E 02 00 VP,'F FEB 1 .-FACTOR
0086 E,=O 02 00 . FLAB ±2 .FACTOR =2
0' E5A.2' 01 F9 ;F FDB j . FACTOR =1 9, -O864

0-006 E5A4 o±I F:: ,'Fc'c FE:B 49 FACTOR =1.' 915151
0069 E5 A6 62 1 ED..v I-': FLAB 493. FACTOR =1. 27710:3 4
0090 E5 ' 0,1 E7 VP4 FL 4:37 .FACTOR =1. 904 76 .. 19
0 0 -AA 0± El v P 5 FU.E 46± FACTOR =1. 8825294
0L192 E5AC 01 ,C VF' FEE 4.6 6FACTOR =1. 8604651±
003 E-SAE 01 b ViF'S7 FB 470 .FACTOR =1. 9 0:0 E-45-
0094 E50 1 DI V PS. FEB 465 FACTOR =1. 6±616181
0 0935 ESB62 01 CC 1VP:39 FD'E 460 ..FACTOR =1. 79775268
0096 E5'4 0± C7 VP9O FDB 455 FACTOR =1. 7777777.'
0097 EB6 0,1 C2 VP9I FE:,B 450 .. FACTOR =- 417 5
0096 E.S 0 1 BD v'F ,- F 45B , FRCTOR =1. -79±<043
0 03-9 E59.BA 01 ES ,P9,1:4 FLAB 440 FACTOR =1. 720431
0100 E5EC 01 0 3 , VF974 FDB 435 ..FACTOR =1. 70212765
0-101 E5BE 01 AF VP9S1 FE:I-B 43.1 .. FACTOR =I. 6642±1052
0±02 E5CO 01 AA VP.. ":, - F[B 42 FACTOR =1. 666616
0103 ESC2 0± AC VP9? FDE. 422 FACTOR =1. 44:453
0104 E5C4 01 Al VP 981 FDS 417 .FACTOR =1. 63 N2 65:071)6
0105 ESC6 01 ID VP99 FDB 413 FACTOR =. 61616161
0106 E5CS 01 99 VP00 FEB 409 FACTOR =1. 6
0107 ESCA 01 95 VP1 F[B 405 FACTOR =±. 5641156:41
0106 ESCC 01 91 V,,PIO; F:,EDB 401 .. FACTOR =1. 56862745
0109 E5CE 01 SD) vP,10-3 FDB 397 . FACTOR =±. 5559 805
0110 E5DO 01 69 VPO4 FDB 393 FACTOR =. 8646153

ie

0095o5B 0 C .... ". - - . "



1tI 63.-0 Y,, FEHK TAELE PAGE 0002:

.EQ LC. C-iE:j SOURCE

0111 E5[:,2 01 S6 VSi.5 F[E: 3 C FACTOR = 1. 52--09:-0:..52

0112 ES..4 01 82 VPI0 FEE -A FAC:TIF: =1. 0.-14 :! 6

01S., EE Ell 072 vEPICIT FE:B .FTR 1. 495271

0114 EES 01 FE: VPl-S F-E F.ACTOR r. 4314.4:3

0115 E5:,A 01 77 ,,P1fl- FEB, - FACTOR 1. 47'-:-:8-9

0116 E5E:-C: 01 7 4 7VP110 FEDE: F ACi-:TO -: I 45'454C45

0117 E5E 01 71 %F.'il FE:,E: eFACTOR =1, 44144144

0118 E5E0 01 CD VF112 F-- .:5 FHCTOR =1. 4 27.1--4'2

0119 E5E2 01 CA V"P1I FDE: FA - CTOR 15 Z

0120 E5E4 01 67 VP114 F[:E: :, ., Fi:TOR =1. 4. 0,0877

0121 ESEC 01 64 vF115 FEE: 3A6, FACTOR =I. 41 .4 44

0122 E5E8 01 6 VP11C F[:EB 15 FACTOR =1. 4.-, 4

0123 ESEA 01 5E Ilf,? FE:E ', 0 FACTOF: =1 . 715:E

0124 EEC 01 56 ,PIlS FDB A.. FA-CTiR =1. 405:2;2

0125 E5EE 01 53 VP119 FE:.. 744 A F.T 1. 44 .

012 E E5FO 01 55 YP2,O, F[E.', 741A FACTOR =1.-

El2 7 E5F2 01 52 'P121I B A FACTOR =1. 514. '4

0128 E5F4 01 4F VPI22 FE:'B 3 FACTOR =1. Z11475

0I 12 E5FC 01l 4D V YP122-- FE:'2. -: AS FAICTOR!=. 7 C1 I III: j
010 EMFS 01 4A %P124 FE:'E LIA FAICTOR =1. 290 -:L

01::l ESFA 01 47 %PI5 FEEB -2A FACTOR =1. 28.

0122 E5FC 01 45 Fl..C FE: B A FACTOR I 26412C

01 ::::. ESEE 01 42 Flp 14 EA FHICTOR = 1.2-;.-4251

0124 ECO2 01 40 FVPi' FE:B 1:A FACTOR =1.25-

0125 E5F2 01 3E) V --2 FE:B 1. FACTOR =1 401007

012 6 E604 01 38 vF1C0 F[:B 11 FACTOR =1. 076S9223

011 7 ErFl0 1 4R ,FII F:EB 312 FFCTOF =1. -_-7404

u12. E60 01 VFl.2 F[E: ' FACTOR 1. 1212121

flJ7E601i rTI II: F1-1l 2. FE LI0, FACTflF = 1LI0-: 0o0rs5±

0140 E6C 01 5 1 P14 FEE: H05 FACTOR =I. 264O2935

0141 ECOE ll 2F *',,;F5 F'E: I:: FACAR =. 1518518

0142 E60i 01 E ,;Fl C F[E 302 FC:TOE =. 17647058

014.2 201 L, H FI T F:,', FACTOR I 1r73--1

-3144 E614 02 FI ,,,-:8 FE:'B . AS F ACTO-iF: =1. 1'942023

0145 E616 01 r 3. ':4 F'E 2 4 FACTOiF =1. 1-107912

0146 E61- 01 -4 ,140 F[E: A FACTOR =1. 142:15(14

0147 E6T ill 22 VPI4I FE:EB c0 A FAC-TOR -1 -475177

014 E610C 01 2 0 'vFP14.2 FE:'B 2.A FACTOR =1. 12 2C7O5C

0149 E61E 01 2 V'14--. FD:B 2. FA C:TOR =1. 1 33 111

0150 E620 01 IC VP14 F:E 284 FACTOR =1. 11111111

0151 E622 01 IA VP145 FB 2" FACTOR =1. 10344827

0152 E624 01 1 B  VF146 F:E 26A FACTOR =1. 09539041

0153 E626 01 16 ,P14 FE:'B ;278 FACTOR =1 08642527

0154 E628 01 14 'VP'FI40 F[E 276 FACTOR =1. 0'-3-,10:E140

0155 E62A 01 12 VF149 F:E' 274 FACTOR =1. 072-:255

0156 E62C 01 2I VPI5 FB 27 FFC:TOR =1 0266666

0157 E62E 01 OF VPI5 FDE: 271 .' FACTOR =I. 0596026S

015 E620 01 CE 'D VP12 FB 2- . FACTOR =1. 35263157

015; E6-2 01 06 ,F152 FDB 2A FACTOR =1. 04575162'

0160 624 01 03 'E'F154 FE:'B -z rt-. A FACTOR =1. 026, 9610
0161 E626 01 03 VP15 FE:,E: 24 AFACTOR =1.02225306

0162 E623 01 06 VE'156, FDB 26; FACTOR =1. 0256,4102

0162 E62A 01 04 VF1" FE: 2C. A FACTOR =1. 01910823
0 ....... A FACTOR =1. 0l265::22

- - i~ [, 2iFCLIR =1. 05062K

0165 E62E 01 01 IS RUE 257A FACTO=02- --- -F-,_ _ - - -"-"



Arl I 68-00 V PERK. TAE:LE PAGE 0004
AiSfh V1. I3

SEQ LOC OE;J IRE

0166 E640 01 00 VP±60 FOB: E. FACTOR =1
0167 E642 320 FE VPi FOE: 2-.4 FACTOR =0t. 993788819
016: E644 00 FC VPI62 FOE: .52 FACTOR =0. 987,5-4 .2
0169. E646 00 FE PI6 FOB 21 FACTOR =0. 98:1595092
0170 E64$. 00 F9 vF'164 FOB -4-: ., FACTOR =0. 975609756
0171 E64A 00 FS YPit65 FOB 4- .. FACTOR =. '96969639
0172 E64C 00 F6 V,,,6 FOB 4F - FACTOR =0. 9 _. 38 4; 2 1
017- E64E 00 F5 YP'167 FDE -'4.5 FACTOR =0. 958C. 7'
0174 E65 0 00 F3 VF±IE6 F:B 42 . FACTOR =0. 9523809'5
017V5 E652 00 F2 VP.1' FOB 4 FACTOR 0. 9464 -4.017-- E654 00 FU + 'V7F07 FOE: 4 .; FACTOR =0. 941. 4r
01; 7 E656 00 EF VPF'i47 FE 2 9 FACTOR =0. 935672514
0178 E6583 00 EE ',''2 F[B 2.. .D FACTOR =0. 93022558
0179 E65A 00 EC "P17 7- FO:E: In:6 FACTOR =0. 92 4 855 4 9 1

0180 E65C 00 EB VP74 F[B 27:5 FACTOR =0. 9±9540229
0181 E65E 00 EA VP175 FOB 234 FACTOR =0. 9±142:5714
0182 E660 00 E:3 ,,176 FD . FACTOR =0. 909090909
018: E662 00 E7 VP77 FOB 2 , FACTOR =0. 902954802
01:34 E664 00 E6 ,P17-. FOB 2I ,L FACTOR =0. 8988764-4
01-:5 E666 00 E4 'V'F' 79 FDB - ., FACTOR =0. 8938c'54748
0186 E668 00 E: ',/P180 FE:B FACTOR =0. 88888888
0187 E66A 00 E2 VF'18i F[B 226 FACTOR =0. 883'977 9
0188-; E6:C 00 El VP8,-- FOB 2. FACTOR =0 87'a120879
01-9 E66E 00 OF Y'-:EC FDE:B 22. FACTOR =0. 874316 .9
019'-/, E670 00 DE ,'F'i64 FDE: . FACTOR =0. 8695652±7
0191 267? 00 [[, VF*15 :E:B 2 FACTOR =O. 8 464864

0192 E674 CIO E:C ,'PIE--; FOBE 20 .. FACTOR =0. :602±5053<
019- E676 00 [',a ,IP7 FOE: 29 .. FACTOR =0. 855614973
0194 E670 O.-8 00 D9 VPI:31- FDB 2 . FACTOR =0. :3506-3829
0195 E,6r,A 00 D3 VP9 FOB 216 .. FACTOR =0. 846560846
0196 E67C 00 )7 VP190 FOB 15, FACTOR =0. 842±t526
0197 E67E 00 16 ,'VP9 FO: 24 .FACTOR =0. S 7 6 93 _.3 5
0198; E6-30 0 0 0--@5 VP192 FO: 21. FACTOR =0. 833:3 -,5
0199 E682 00 D4 V,,'P193 FOB _ FACTOR = 0. 829015544
0200 E68S4 00 D3 VP194 FO:'B 21. FACTOR =0. 84'4226-8
0 201 ES6 OU D2 VPI95 FOB 210 .FACTOR =0. 8-20512. 2-
0202 E688 00 00 P196 FEB 208 FACTOR =0. 8±6-62653
020 E68A 00 CF ,P,97 FDB 207O FACTOR =0. 8±21:'7--241
0204 E68C 00 CE VPI98 FOB 206 ,. FACTOR =0. 808080808
0205 E68E 00 CD /,,P±,99 FOB 205 , FACTOR =0. 804020±
0206 E690 00 CC VP200 FDB 204 .FACTOR =0. 8
0207 E692 00 CC VP2CI FOB 204 .; FACTOR =0. 8
0.2C:- E694 O CC 'F202 FDB 204 . FACTOR =0. 8
0209 E696 00 CC VP20 3 FDB 204 . FACTOR =0. 8
0210 E698 00 CC VP204 FDB 204 FACTOR =0. 8
0211 E69A 00 CC VP205 FOB 204 FACTOR =0. 8
02±2 E69C 00 CC VP206 FEB 204 .FACTOR =0. 8
0213, E69E 00O CC VP207 F:E: 204 FACTOR =0. 8
02±4 E6AO 00 CC VP208 FOB 204 .FACTOR =0. 8
02±15 E6A2 00 CC VP209 FDB 204 . FACTOR =0. 8
0216 E6A4 00 CC VP210 F4B 204 FACTOR =0. 8
0217 E6A6 00 CC VP211 FDE: 204 FACTOR =0. 8

1 6S 00 CC VP212 FOB, 204 , FACTOR =0. 8
0219 E6AA 00 uC -+ - -. FOE: 204 .. FACTOR =0. 8
02"20 E6AC 00 C- VP24 FOB 204 .- FACTOR =0. 8

13o



AMI 6800 V,, P'EAK TABLE PAGE 0005

ASM Vi. I

SEQ LOC OEJ SOURCE

0.221 E6AE 00 CC 'F215 FOB 204 .. FACTOR =0. 8
0222 E66O 00c CC. VF'2II FD 204 .;FACTOR =0. 8
022S: EE6B2 00 CC ,F'2 F[E.B 204 .; FACTOR =O. 8
0224 E6B4 00 CC vF :i: FEE: 204 ., FACTOR =L i
0 225 E6B6 00 CC 'F1'- F[B 204 .. FACTOR =0. 8
On226 E688 OLD CC F L' FE..E: 204 FACTOR =i
L227 EGBA 00 CC ",F'l:.-i FE,B 204 FACTOR =0. 8
220 E6BC 00 CI: Vi F-:' F[B 204 FACTOR =0. 8

Li 29 E6BE 0'I :C ,F'" FOB 204 FACTOR =0. 8
&IS0 EC OEI CC F7 FB 204 FACTOR =0. 8
2 ECC2 00 CC ,F 225 FOB 204 FACTOR =0. 8
0.-' E6C4 00 CC F . . FDB 204 ., FACTOR =O. 8
02 1 7E6CG 00C CC IF'22T FOB 204 ., FACTOR =0. 8
023 4 E6CS 00 CC VP2F2 F[.'B 204 FACTOR =0. 8
0 2<_5 E6CA 00 CC VP 229 F:E: 204 $ FACTOR =-. 8
0236 E6CC 00 CC V,,,P23% 0 FE: 204 , FACTOR =Fi S
0237 E6CE 00C CC VP2ZI FE:8 204 ., FACTOR =0. 8
FIS E :. CC '.,, -1 FEB 204 ., FACTOR =. 8l

0239 E6E:'2 00 CC ',,,F2---, FEB 204 ., FACTOR =O. 8
0' 40 E9[:4 00 CC V P2 4 FDE: 204 ., FACTOR =0. 8
0241 ED6 00 CC *,,.2. F[B 204 .. FACTOR =C
0242 E6D8 00 CC F,, P .:r. F1O1B 204 . FACTOR =u0 8
LI24- E6:A HO C ','F: FOE: 204 FACTOR =0.
0244 EDC --. ,: F FE, 204 FACTOR =0. 8
L.245 E6DE 00 CC ','P 2 FOB 2 04 ., FACTOR =0. -.
02 46 E6EO 00 CC ,F4 FB 204 .. FACTOR =0. 8EE C FOB 204 .j FACTOR =O. 80247 ECE2 Ou I VP41 FOB 204 . FACTOR =0. 8
124.8 E 6E4 OLD.- 1:-: VP'24 F[:,8 14 ,FACTOR =O. 8

-. 49 E6E6 00 CC F 24S FOB 204 . FACTOR =. '8
U250 E6E8 00 CL: VP. 44 F:8 204 ., FACTOR =O. 8
0-1251 E6EA 00 CC F -45 FO-B 204 . FACTOR =0. 8
0 252 E6EC 0 0 CC V F.' 46. FD 20U4 j FACTOR =O. :3,
02 52 E6EE 00 CC VF '24 FOB 204 ., FACTOR =0. 8
0254 E6FO 00 CC VP248 FDB 204 .; FACTOR =0. 8
0255 E6F2 00 CC VP249. FOB 204 . FACTOR =0. 8
0256 E6F4 00 CC .P250 FOB 204 . FACTOR =0. 8
0257 E6F6 00 CC VP''25I FOB 204 . FACTOR =0. 8
0258 E6F:E 00 CI ',F'252 FDB 204 .FACTOR =0. 8
0 259 E6FA 00 CC VP253 FOB 204 FACTOR =0. 8
0260 ECFC 00 CC VP254 FOB 204 . FACTOR =0. 8
0261 E6FE 00 CC 'VP255 FD 204 .. FACTOR =0. 8
0262 ET00 00 CC. VP256 FOB 204 .. FACTOR =0. 8
0262 END

0263 LINES ASSEMBLED, LOC = E702.. 0000 ERRORS DETECTED.

END ASH Vi. 1

. 13'
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0003 REMl ***s*FTGtNO:;**
000C6 REM ***.;;. VALUES FROM V-AC MEASUIER'E. - UNLOADED **

0010 REM PRiJURAM I::MLL:IJLHFE-I rS:& Li SIi SVA LUES FOR , FTB:L
* 0020 REM I HIS FUR NEW MUDO)L SCHEME --EVEfR'T' P. F'.---

0 0 1 L REM F -FREG! u~F INTEREST
01040I REMH N No OF PULS.E PERIOD'; IN. bnU DEGREES.
0 030L REM Dc .)- DON I NH-N F PULSEF LENGfIH - FP1DuM.
006 REM 0'; 1)I 2ND UOMPL PULSEL LEi4G [H- TPLUM1
0070 REM MN1 Mi-i SCtLE Ri-C I-OR
00LI80 REM M2- 111k NSC,_HLE F-ACTOR
0 09 0 REM T PUIL,=.E PERI101: LENGTH - [ PP
0:100 R."EMi L LEN'3 F'H OF 6w DE'i SEG
011w REM B:F'.:. 1,40. OF P. P. iN. 6U bEui - NPP
0126 REM
01I25t REM "26 uN LINE -f70 1S SHOOT THROUGH TIME"
0 1:10 REM ESTABLISH NPP FOR EACH "F" o.ALNA'S ODDj
013 I £4)I 11 660?)
01Z ± NPU I "D:'ISK OUI FUT YES=±. NO-=0 'Vl
013 II IF" 01;-w GOVO I4o.iu
0140 B':b5-
0150 E:(7 ~1
0160 B';&=2

0170 B.. -21
018, 0 B( IU I 1

0 20 0 'L' '

O 0 6-.4-15

0 :2 u 5*.1 1

'c2 530 NE:.; I-

0210 B(H1;'=ll
0 2;0 NE'Xi I
O 0 0l FOR AI=*.i0 LI 41
0310 B( HI)4,:

us630 FOR Ai410 TO 91
0340 Bo1*IaD-f'
i Is;'5u NEXT Ail

0 .L FOR H1=4Se. T 055'

0410 NEXTJ Al
042o REM SET UP TOP OF DISK FILE TO BE 6800 FORMAT
0421. LINE= 0)
0 422 DI GI TS- 0
0430 PRINT #-f, " NAM FTBL"
043:1 PRINT 44, "F", TAB(5)s "VOPEN".. TAB'.2'tu' "NPP".. TAB,25t; "TPP,
0 432 PRINf #4,. TAB (s1:0; "L-6u" 1JAB'. 40.'sj "SFMAX"
043513 PRIN4T #47, " *"

0434 PRINT #7., "*G3ENERATED. BYt FTGNO.*"
0435 GOTO 1200
0440 PRINT #7.." ORG $ES8U"
0450 REM NO0. OF P. P. IS ESTMBLiSHED FOR EACH "F"1
0460 REM NEX-lT DO DOMINANT AND COMPLEMENTARYv
0470 REM PULSE WIDTHS FOR EACH P. P. IN "F"
0-480.7 Pi1:,. 14159
0490) DIM D~bij),C""bDx. E..E6', F(.60)'

* 0500 GOIO 1400
0511Ii'I IF L '411I:0:f



05-3.0 '1 =L.'N
0540 1 =INT( T1+u. 5)
0550 L=N-.T
0600 FOR K=1 TO dN+1..'.2 STEP I
0620 KI.=X'.2Pl.F..
0c20 '2 <6 ;"N .:, *. ,.f.- .,

0 6 40 Ki = :. ,.4;,..'-3640i * Ke+c&, .-.--.. PF . , :E
OcSA K * K FZ3+& .+ .--.+-P i.." o u

067 E-5 L-1-2&) iF'.3=
06 70 +I < Z:10 .)2 P I,.:
O6Sti,' E' )=Fi:.I J -O;.' . -LUS~ft:) .*iE+CP;+U. 5

069 F' Ki:,= :.= -:: Cu';,.-.:,-L:US,:IGi.., :t.* E+c-l.+0. 5
070E' REM OLD TP*.VOPEI'E+NOM= NEW TP
071 D K : =INF T ,: E ,.1' 1 .)
0 ,7- 2E-l C )=I N T F (. t,*. +.uzlb.U ;

0730 NE:T k.:
0- 74- REM H.vE CUMPLETED PULSE WIDTHS FOR "F". DO SCALE FACTORS
0750 K4= 4N+..':'2
076' K5=Dt.K4)
0770 M=KT-26.,'K5
0790 M1=IN I M+256+0. 5)
0791 I F KT>(T-2b , HEN M INT@T-26..25,.K5+0. 5)
0792 IF M.:.247 THEN rl=2047
0795 PRINT #4.. F.. THB,(5).. 0.i TAB':20). N. TFB25;. T. TB:-:.,. L. TBk.40).; t'1
0800 REM MIN SF = 0. 50 ALWA'T'S
0:10 M2 1-
0:20 REM OIUTPUT VHLUES I'TO TABLE ON DISK
0830 REM FTBL HAS FORM
084 . REM N = NPP
0850 REH T = TPP
0360E REM L = LENGTH OF 60 DEG (USEC)
0870 REM SF. IA'.-,
0880 REM SFM IN

,0830 REM TPDOI.1 #1 ':USEC,
090 REM TFCOM #1 'USEC,
0910 REM TEDOM #2
0320 REM TFCOM #2
033.0 REI "
0940 REM "
0350 REM TFDOM (N+i.'2
0960 REM TPCOM fN+I.,'2
0970 PRINT 47, "*FREQUENCY TABLE FOR " F.. "HZ.
0980 PRINT #7., "*"
0990 PRINT #7, "FRQ" F.; " FCB ". N" NO.-PULSE PERIODS IN 60 DEG SEG"
1000 PRINT #7., " FDE "., T.. '..LENGrH OF PULSE PERIOD <USEC)"
1010 PRINT #7. " FDB ", L.. , LENGTH OF 60 DEGREE SEG ,USEC)"
1020 PRINT #7. " FDB ", Mi., ".. SFMA'"
£030 PR INT #7, " FOB ".. Z. ",. SFM IN"
.1040 PRINT #7., "*PULSE WIDTHS"
1050 FOR I=1 TO N+i),2
±160 PRINT #7., " ', "FDB".. D I.." .; Dll"
1070 PRINT #7, " ".. "FOB", CCI),
1080 NEXT I
±081 RETURN
1L085 PRINT #4, "F="s F.. "0=" 0
1086 RETURN
1100 IF Ql=O GOTO 1SuC'
1101 PRINT #T, " END"
1110 GOTO 1800

:-.1200 REM SECTION WRITES FREQ INDE:.: CHARACTERS FOR DISK FILE
1210 PRINT #7., "* * * * * * * * * :+. *"

- 1 220 PRINT #7"e.. "+FRE-.UENC',' TABLES *"

12':.:k PRINT +,r. " .+. .* . .. . . .t. *+ : y... .+"

i I ill



1250 PRINT #7., "*"

1255 PRINT #7. "INDEX". , "FDB".. "FR6"
1260 FOR I=7 TO 60
1270 PRINT #7, , "F :'.. "FRO?".. I
1280 NE:::T I
1290 GOTO 440
1400 FOR F=6 TO 60
1410 0=1. 9*F
1420 GOSUB 510
1430 NEXT F
1440 GOTO 1100
1800 END

Iy
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F-6 0=11. 4
F=7 01.; . -
F =' 015. 2
F =: 0=17. 1
F=IC-i 0=1.

F=i2 0=22. -

F~iZ- 0-24. ,
F=14 0=6. 6

F=15 -= 2:'.:
F=i16=: 4

F-i7. 0= .-:
F=18- c=Z:4.

F = 3 1';F=20 ~ i2

F=21 =:F 
= 
2 I .. -,'

F=22 0=41. -

F =4 0-5
F=25 O4f. 5
F=26 1=4".. 4
F 7 0=51.j-

F:; 3 CC- -:
F =2.e8; 0=5-5. 2

F=0 0=57

F :i - .="F S 0=6 0. 8
F g: C 6-,2. F

F=34 6
F.:5 0 61 5
F=4. 0 6 S. 4
F=_-:.7 O= 70-C.
F=:L.  0=72. 2

F=40 0

F=43 O=-. 7F=44 O=1.'. :-

F=44 0=-5. 5F=4'i "0-..

F=46 0 . 4
F=47 1= S9. _.
F=48 0 ". 1. 2
F=45i C, -5 Z. I

F=5O 0=555
F=51 0=6.S
F=52 00 8. 8
F=53 0 = 1. 7
-F=54 0=102. 6
F=55 0=i104. 5
F=5f 0=106. 4

F=58 0=110. 2
- F=57 8 

0-108. 
2,

'F=59 0=112. 1
F=6O 0=14

' " t ' 5 "



0005 REM **** VSR5G .,

3-06 REM **4., THIS VERSION GENERATES LINEAR RELATIONSHIP
0007 REM FOR rlLL VALUES. ACTUAL TABLE WAS MODIFIE[: BY HAND
0010 REM PROGFRAM GENERHTES REFERENCE VHLUE'-
0020 REM FOR V TABLE USED B Er' IPH TO DO,0

* 00.3: REM OVERLOAD DETECTION.
0040 REM VALUES COME FROM HEASUREMENTS MAD:E
0050 REM ON MACHINE AT :117 , E+
0060 REM CREATE LEAD IN ON DISK
0070 PRINT #7, " NAM 'V,,'SREF"
00.84') PRINT 47.. " ORG .$E4-u0"
0085 PRINT #4., "F".. "V:+. REF"
0090 FOR F=O TO 10

0100 V=I
0110 GOSUB 10t6
0120 NEXT F
0130 FOR F=11 TO 15
0140 V=(144-u}*(F-10.5+
0150 GOSUB 1000
0160 NEXT F
0170 FOR F=16 TO 18
0180 V= 1336-144),:. F-IS
0190 GOSUB 1000
0200 NEXT F
0210 FOR F=19 TO 20

0220 V= K544-336)* (F-IS /2+336
0230 GOSUB 1000 -

0240 NEXT F
0250 F=21
0260 V'=688
0270 GOSUB 1000
0290 FOR F=22 TO 24
Ps00 V= (1264-688)*(F21,v+688
01:i0 GOSUB 1000
0 '20 NEXT F
0330 FOR F=25 TO 26
03.40 V=(.1584-1264 )* F-24).-"2+1264
0350 GOSUB 1000
0s6Uo NEXT F
0370 FOR F=27 TO 29

0380 Y=(1888-4584)*.(F-26).-+$584
0390 GOSUB 1000
0400 NEXT F
0410 FOR F=30 TO 31
0420 V=<(2032-1888)*( F-29-2+1888
04 :0 GOSUB 1000
0440 NEXT F
0450 FOR F=32 TO 37
0460 V=K2480-20-2)*,.F-31,s'6+2032
0470 GOSUB 1000
0480 NEXT F
0430 FOR F=38 TO 55
0300 V= ( 3024-24806 * (F- :.. '.,/23:+2480
0510 GOSUB 1000
0520 NEXT F
0530 FOR F=56 TO 60
0540 V=3583+(56-F)*(3583-3375)./(60-56)
0550 GOSUB 1006
0560 NEXT F
0570 GOTO 1500
1000 REM SUBROUTINE WRITES EACH LINE OF VSREF

1002 REM V* IN MPA AFTER SHIFTING IS 2 TIMES E*
1003 REM IN MPB AT FAFI 1516

iC'0• ",!-i" ,4-..w 10 'l . ,,- i.- 2....V
- -



1007 VI=16*VI+15
S100 8 IF FK11 GOTO 1010
1009 IF 'V'>-V+8 THEN V1=V1-1r
1010 PRINT #7., " " F. FDE: ". VI.; V*=".. V

- 1020 PRINT #4, F, V
1030 RETURN
1500 P'RINT #7., EN[,-"

1510 EI4,

13-

)'- I3 i Ili .... I'



0005 REM **** R*GN
0010 REM PROGRAM MAKES TABLE OF R+. VALUES
0015 REM 'VALUES OF :.,. ESTAEBLiSHED B:'Y MERSREMENTS
0016 REM ON fiCTLIHL MfACHINE
0020 PRINT #,. " NFhil R+ 'v IVLLES,'

0030 PRINT #7.. IRG 4FD'.C
0035 PRINT 44.c, + VHLUES ESTAB;LISHED BY MEAS-REMENTS ON MiCHINE"
0040 :IM FK.u .':
0050 R,..6 )=
0055 R(:?) =29

* 0060 R'8.=2-

0065 R,9 :4
0070 R i -
0075 R,:.I-i.4
00650 R'..12...-lr

0095 RU5,=9
0100 R':.16 .- =.

0i05 R . =
0110 R.18.) =
0115 Ri13=
0120 R. 20=).
0125 R._i>=2
0130 R,.22 .,=9
0135 R K.23:2 .
0140 R.4 4
0145 R. 25 1'2
0150 R'26.>=11
0155 R :27=i2
0i160 R(<28>=i4
0165 F.:5 k 29 4 =5

OlI TC .,k1 <30 )=2 _
0165 RFti=25

0180 R.32 ( 2
0185 R,.33 .: n
0190 R'34)=33
0 19 35R '%5S.' 4
0200 R 36 '3-c
0205 R.37 )=_8
0210 R(38=39
0215 R(39)=42
0220 R(40)=44
0225 R(41'=51
0230 R<42 )=64
0235 R(43)=69
0240 R t 44 r=i
0,45 R(45)=72
0250 Rs ,:46).=69
0255 R(4t)=66
0260 R.48o=64
0265 R(49)=62
0270 R(50)=59
0275 R(51)=57
0280 R(52)=54
0285 R<53)=52
0290 R,54)=49
0295 R.)55>=46
0300 RG56)=94
0305 R(57)=93
0310 R(58)=96
0315 R(59)=79
0320 RK.60)=6
&7'1:':::0 FO P t:E T1) 6K'



'3.50E PRINT 44, "F=". K, 'R,=", R.:
---,:160 NE.-.T K

0-370 PRINT 47., " END"
0380 END

-9

I. V



0005 REM **I KIGH N 4

01010 REM P Rca3RAMt GENERATiESL'F TABLE
0020 REM F=-FREI'JUENC.'+
030 REM kl-L.'ESIREL.'CiIN-.2.1*L.

004C, REM L 1z -sE R ES I N'UC: T ANCE
0 0 42 REM SCALING ON K HAS flBIT HFTER £',El-IIHL
0050 INP :U T " L-1".. L I

006 E,2 ICISUE; 2004--
0070 ' FOR F~tc. TO 60STEP I
006 LIE L 2*PF.r, F - LI

* 0 90 P RIN T 444.. F., .'.
0032 PR I NT 4ii? 7. F, "FDB'IN'..-::92." f=.6
0100 NE:2.T F
011 P C RIN14T #7F.. 'N

0115 GOTO $'00f
020 PRI NT #4., "F'.. "i.I"
0C1 PRINT #7.." N ' IV'ALUES"

020 PRINT 4#7,. ORG 4$FEO6S"
0.'rfl P RIN T #7',.4 TABLE GENERATED USING LI =".. LI
0220 RETURN
06800 END

140
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I. Introduction

This Phase 11, Task B report describes the results of the final of three developmental stages of the

advanced motor controller. Phase I developed the approach for the digital synthesis of 3-phase, variable

frequency, variable voltage, sinusoidal waveforms using an 8-bit microprocessor. The Phase I effort also

analysed a method of deriving an inductive motor air-gap-flux related signal useful for optimally control-

ling motor voltage with varying load. Phase II, Task A developed the design for the digital and micropro-

cessor circuitry for synthesizing the 3-phase sinusoidal waveforms and the control circuitry for deriving

the air-gap-flux related feedback signal. The Phase II, Task B effort developed a 3-phase power-bridge

design and breadboard, combined the power-bridge with the waveform synthesis and feedback control

circuitry developed in Task A and tested the combined system.

Summary

The power-bridge and PWM control circuits were combined and tested to the design goal of 7.5 hp

with excellent performance. Motor voltage control under varying load using the air-gap-flux related feed-

back signal was demonstrated at frequencies above 15 Hz, however, control was less than optimal. Other

motor-controller features including speed ramp-down under overload conditions, power switch over-

current protection, and the maintenance of constant AC output voltage under conditions of varying DC

input voltage were successfully tested.

II. Power Bridge Circuit Description

The three-phase power bridge circuit consists of 6 identical power switch units connected as shown

in Figure 1. The switches are driven by the control circuits to produce pulse width modulated variable-

frequency, variable-voltage, three phase power. The Phase II, Task A report describes the control circuits -•

-2
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-POWER

SWITCH
UNIT

+

Figure 1. 3-Phase Power Bridge

and the method for generating the proper control signals for the power switches. Each of the power

switches is optically isolated from the control signal source and each has individual current limit protec-

tion.

Power Switch Unit Description

The power switch units consist of a transistor switch module, a "catch" diode, a switch driver

circuit, a low-voltage power supply, and a series current shunt resistor connected as shown in Figure 2.

- " The transistor switch module conducts the load (motor) current when in the on state and the

"catch" diode conducts the load current when the switch module is off. The switch driver circuit provides

the proper current pulse to drive the switch module on or off according to the control signal. The low

voltage power supply provides isolated power for the switch driver circuit. The shunt provides a current
I proportional signal that is used for switch-module over current protection.

3I-,



CONTROL ISOLATION -

VOLTAGE + 6V SWITCH SWITCH
POWERDRIVERSPWER CIRCUIT MODULE

"CATCH"
DIODE

RETURNSHN

Figure 2. Power Switch Unit .1
Transistor Switch Module Description

The switch module consists of a matched set of transistors connected in a Darlington arrangement

as shown in Figure 3. The transistors are matched by the manufacturer and housed in a 3.25 x 2.75 x 1.25

inch module. Each individual transistor is a PT-751 1 (Power Tech, Inc.) (See Data Sheet, Appendix A).

The switch module characteristics are as follows:

I. Collector-Emitter Breakdown Voltage BV,,,, = 200 min at I, = 200 ma.

2. Emitter Cut-Off Current I, = 15ma max at V,, = 8V I,, = 0.

3. Collector Cut-Off Current I = lOma max at V,, = 200V R., = 0.

4. D.C. Current Gain hfe = 100 min at V, = 5V 1, = 250A.

5. Base-Emitter Voltage V, = 3.OV max at I, = 250AV- = 4V.

The modules used in the motor controller were tested by the manufacturer to the specification.

(See Test Data, Appendix A).

4
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COLLECTOR

BASE 1

BASE 2 -

* "EMITTER

Figure 3. Switch Module

Diode Description

*- - The "catch" diode provides a return path for the load current when the associated switch module

" "is turned off. The manufacturer is Semtech Corp., part numbe SCSF4R. The important characteristics

are as follows:

Peak Inverse Voltage 400V

Forward Voltage V, = 1.40 max at i = 1OOA

- - Recovery Time t, = 200 nanoseconds

"measured when rectifier recovers to 0.25 amp from a 0.5

amp forward current)

Reverse polarity diodes were used in the breadboard such that the cathode could be connected to the

" Icollector of its associated switch module using the heat sink as the conductor.

2 _. *



Switch Driver Circuit Description

The switch driver circuit inputs a control signal from the control electronics and outputs corres-

ponding turn-on and turn-off drives to the base of its associated transistor switch module. A block dia-

gram of the circuit is shown in Figure 4. The circuitry represented by the blocks to the left of the vertical -

dotted line in Figure 4 is located on a 4 x 4 inch Printed Wiring Assembly and the remaining circuitry is

located on the switch module heat sink assembly. The circuitry operates as follows: (See Driver Board

Schematic Diagram, Appendix B).

1. Input Isolation

Input isolation consists of an optical isolator, U 1, that receives a TTL logic signal from the control

circuit. A logic "0" turns the switch module on and a logic "1" turns it off. The optical isolator permits the

power switch unit and the control circuit to operate at different reference voltages.

CONTROL INPUT ]INPUT o ISOLATION

I]
TIMERTURNON TURN-ON

TRIGER UT AINDRIVE DRIVE J
RESET TRANSISTOR TO SWITCH

4.0MODULE I
BASE DRIVE

TURN-OFF TURN-OFF
TURN.F XFMR D IVE DIV

PULSE TIMER ISOLAION CICIT

CURRENT OERCURRENT CURRENT

OVER CURRENT
LIMIT DISABLE DETECTOR SIGNAL

Figure 4. Switch Driver Block Diagram
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- 2. On-Drive Timer

The pulse on-drive timer, U2A, is a protective circuit that limits the maximum on-time of the

switch module. The timer turns off the switch module should the control circuit fail to do so within the

prescribed time. The tinier is triggered on by a logic "0" and reset by a logic "I" on the control input. The

timer can also be reset by a signal from the overcurrent protection circuit.

3. Current Limit Disable

- - The current limit disable circuit disables the overcurrent protection circuit for the initial 6 micro-

seconds of each power switch turn-on cycle. The circuit prevents the detection of overcurrents due to the

recovery current of the "catch" diode or L di/dt voltages in the shunt circuit that normally occur when a

switch is turned-on. The overcurrent-disable time period is established by comparing the turn-on pulse

from the input optical isolator, differentiated by C2 and R7, with a reference voltage generated by R19

.- and VRI. The output of the comparator U3A is wired in an "OR" arrangement with the current limit

comparator U3B such that the overcurrent limit is disabled. The waveforms are diagrammed in Figure 5.

CONTROL INPUT
TURN-ON SIGNAL
U1"6

REFERENCE VOLTAGE

-DIFFERENTIATED

TURN-ON SIGNAL
U2A-6

COMPARATORTJ DISABLE TIME

T"j 6 is (APPROX.)

j Figure 5. Current Disable Waveforms
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4. Overcurrent Detector

The overcurrent detector compares the switch module current with a reference and resets the pulse

time if the reference is exceeded. The voltage across the current shunt is sensed and amplified by a differ-

ential op amp, U6A, such that common mode rejection of the op amp reduces the effects of the L di/dt

induced voltage in the shunt circuit. (See schematic diagram, Appendix D). The current signal is com-

pared with a reference, U6B, and if the reference is exceeded the pulse timer is reset through U313. The

shunt resistance is 0.002fl and the differential op amp gain is 5 such that the reference voltage (pin 5 of U6)

may be established by the following formula:

V = 0.01 IIMT + 0.7

The reference is presently set at 2.00 volts for current limiting at approximately 125 amps.

5. Off-Drive Timer and Isolation Transformer

The overall purpose of the turn-off circuit is to minimize the turn-off time of the transistor switch

modules by reverse biasing the base-emitter junctions to rapidly remove the stored charge in the base

regions of the transistors. The off-drive timer supplies a 40 us pulse that establishes the period during

which the reverse voltage is applied to the switch module base-emitter junction. The timer is triggered by .

the termination of the turn-on drive and its output drives the primary winding or an isolation transformer "

TI. The isolated pulse from the secondary winding of TI drives a second transformer (See Power Stage -.

Schematic Diagram, Appendix B) that generates the reverse voltage. The actual base drive pulse is shown

in photos l and 2.

-.
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Low Voltage Power Supply

-. Each of the 6 power switch units has an associated low-voltage power supply for powering the

switch driver circuits. The supplies are standard commercial AC to DC types rated at 5VDC 3 amps.

Shunt Resistor

The shunt resistor conducts the power switch emitter current and is used for current sensing. The

shunts are made of strips of monel metal cut to dimensions that produce a 0.0020 resistance between

*terminals. The voltage generated across the shunts is connected to the differential op amp in the overcur-
rent detector circuit. Monel is used because of its low temperature coefficient.

Hardware Protective Circuits

- - Each power switch unit has been designed to turn-on only from a command from the control

circuits but will turn off under three conditions: (I) a control circuit command; (2) an overcurrent condi-

tion; or (3) in the event of no control circuit turn-off command within a prescribed period. Refer to the

Switch Driver circuit description for details in the operation of these circuits. In addition, shoot-through

protection has been designed in the control circuit such that a 26 microsecond off-period occurs between

the time a power switch unit turns-off and its complementary power switch turns-on. This off-period

insures that the conducting periods for complementary power switch units do not overlap.

Ill. Power Bridge Test Results

The Motor Controller Breadboard is shown in Photo 3 and the motor and dynamometer used for

1, ° test purposes shown in Photo 4. The motor is a Franklin, oil-cooled type, rated at 7.5 hp, 600 rpm, 87V, 32

" " Hz. The dynamometer is rated at up to 125 hp. The power bridge was tested over the range of frequencies

6 to 60 Hz at various loads and was specifically tested to the motor ratings of 7.5 hp, 600 Rpm, 32 Hz.j:_
2 . .



Performance of the power bridge was excellent in all respects. Photos 5 through 12 show the phase to

phase voltage and phase current waveforms under medium load at 15, 30, 45, and 60 Hz. Photo 13 shows

the collector-emitter voltage of one of the switch modules and photo 14 shows the waveform of the current

into one power switch unit including the "catch" diode current. Photo 15 shows the unfiltered phase to

phase voltage for a high output voltage (wide pulse width) and photo 1 6 shows the same waveform for a

low output voltage (narrow pulse width).

The switching waveform for the power switch modules were such that snubber networks were not

required. The improvement in switching waveform would not compensate for the additional power dissi-

pation and circuit complexity of snubber networks. This was a result of two design decisions: (a) to use "

relatively slow power transistors; and (2) to use a careful layout of the bus bars and filter capacitor to

insure clamping of the bus voltage, in conjunction with fast "catch" diodes.
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IV. Motor Controller Test ResultsI

The power-bridge and feedback control circuits were connected to test the hardware and soft ware

required for motor-controller closed-loop operation. The resistance and inductance values for the test

motor were provided by NSRDC as follows:

R,= 0.06059

L= 0.00680h

,= 0.08300

L,= 0.00700h

M = 0.00636h

The equivalent circuit values were derived as follows:

L= Ls -L.~ 0.00044

0.06050 LL. -M .00064

20



* 32

The control circuits and software were tailored to the test motor as follows:

(1) The stator inductance value L (Refer to Phase I report) used for the feedback equation was

calculated as follows:

U = L, + L,,L,/(L,, + 2L:)

= 0.00044 + (0.00636)(0.00064)/[0.00636 + (2)(0.00064)) = 9.73 x 104h

-,, A table of K, values was computed and entered into EPROM memory as follows:

- K, = 2fIfL' x scaling factor

A single K, value (16 bits) for each integer frequency from 6 to 60 Hz was entered into the

table. (PWM microprocessor program location FE06 Hex).

(2) The direct and quadrature currents and voltages were scaled by installing the appropriate

resistors in the scaling circuits located on the A4 PWA in the control electronics. Scaling is as

follows:

V, and V, scaled for _ 128V peak

1, and 1, scaled for ± 256 amps peak

(3) The nominal (open-loop) output voltage table (Vopen) was established for the test motor.

The no-load motor voltage at which the motor begins to stall was measured at several excita-

tion frequencies. A linear V/F = table for the full range of frequencies was established from

.these measurements and the table was entered into the PWM processor memory.

121
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An initial attempt to close the air gap flux feedback loop was partially successful. For excitation

frequencies above 15 Hz at light to medium motor loads the feedback loop varied the motor volage

proprotionally with load variations as expected. At high loads the feedback error calculated in soft\arc

exceeded the maximum allowed by the software filter subroutine and an overflow occured. At low excita-

tion frequencies 6 to 15 Hz the feedback loop did not correctly respond to the load variations.

Several minor changes were made to the feedback processor software to eliminate the overflow

problems. The software flow was rearranged and a variable gain (table loop-up) algorithm was added to

the feedback error signal, E*, as shown in Figure 6. Implementation of the selectable gain algorithm on

the feedback error signal resulted in a smaller magnitude error signal in the filter subroutine, eliminating

the overflow problem. The variable gain feature also added flexibility in establishing the optimal voltage

boost for a given feedback error.

*

IINPUT INPUT
Vd Id Vq Iq Vd Id VqIqi 1 q
COMPUTE COMPUTER

AIRGAP FLUX AIR GAP FLUX
WX Wx

COMPUTE FILTER
ERROR FT
Rx- Wx Wx

Wx DATA
FOR PLOT

FILTERERRORAPPLY nGAIN
ILTR ERROR FACTOR TO

GAIN ERROR
RX -Wx

SREL STORE RESULT

FORMER FEEDBACK MPU REARRANGED FEEDBACK MPU
FLOW CHART FLOW CHART

Figure 6. Revision to Fedback Flowchartj 22
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Closed-loop testing with these software modifications enabled adequate operation at excitation

frequencies above 15 Hz. The motor voltage responded proportionally with load variations over the

entire load range. Motor voltage regulation for a given load, however, tended to be on the underexcited

* side of the optimal motor excitation. Attempts at achieving optimal motor excitation voltage resulted in a

- runaway condition, where the excitation voltage increased to its maximum regardless of the load. A set of

data was taken to examine the flux feedback signal at various excitation frequencies from 6 to 60 Hz and

various motor loads. The data is tabulated and plotted in Figures7 through 12. The air gap flux related

signal, W, was recorded from feedback microprocessor program location "FABE" hex.

The feedback control loop as presently implemented requires the W, versus motor voltage plot to

have a negative slope. Regulation occurs in this negative slope area to the left of the minimum "valley" W,

:value shown on the W, plot. The calculated W, curves for frequencies above 15 Hz have the necessary

negative slope areas that allow the loop to regulate. Below 15 Hz, the curves do not have the required

shape. Regulation was attained at frequencies above 15 Hz and the motor voltage increased with load as

expected. Regulation was not achieved at excitation frequencies below 15 Hz. In all cases, the motor was

-. "slightly under-excitated during closed-loop regulation. The approximate optimal regulation points on the

W, versus Motor Voltage plots are shown by a small circle on each of the plots. These points were esti-

mated from the attached data through an interpretation of the slip speed and input power. Photo 17I -- I[

1 through 24 show the filtered feedback signals used to calculate W. Pictures of V,, V , 1,, and 1, at 4

frequencies are shown. In all cases the "direct" quantity leads the "quadrature" quantity. The waveform

photos were taken at the A/D Converter inputs in the control circuit.

-"Problems that affected proper motor voltage regulation using the air-gap-flux related signal in-

I eluded: (I) obvious distortion in the filtered Id, iq, Vd, and Vq signals at low frequencies (see photos 23

and 24); (2) general difficult with the complexity of tailoring the feedback equation to the test motor

parameters; and (3) control problems related to the double valued nature of the air gap flux related

rfeedback signal.

23



In order to test the various features of the motor controller without relying on the Wx error

quantity, the motor controller software was modified to provide a constant voltage per frequency output

in the closed-loop mode. This change involved installing a new open-loop voltage table in the PWM

processor software and using a constant for determining the PWM Scale factor rather than the error

signal from the feedback microprocessor. (Constant is located at DD46 and DD47 Hex). The feedback

microprocessor software was also rearranged slightly to rectify and filter the motor direct current value

previously used in the air gap flux calculation and pass the result to the PWM microprocessor. The recti-

fied current value is used by the PWM processor for software overload protection in the same manner as

the Wx error signal was previously used. Software listings containing these changes are provided.

The overload, ramp-down feature was tested and the overload threshold set to approximately 100

amps peak motor current. Motor controller operation using toggle switches for motor speed changing

and direction reversing rather than using the CRT Terminal was also demonstrated.

24
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j Vd, Vq at 60 Hz
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3?Id, IqatO60Hz
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jVd, Vq at 45 Hz

20

lid, Iq at 45 Hz -
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Vd, Vq at 30 Hz

-. 22

- 'Id, Iq at 30 Hz
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'Vd, Vq at 15 Hz
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APPENDIX A

1 90 AMPERES
PT-7511

SILICON NPN TRANSISTOR

MAXIMUM RATINGS SYMBOL PT-7511

Collector-Base Voltage VC8 O  200V

Collector-Emitter Voltage VCEO 200V

Emitter-Base Voltage VEBO 10V

Peak Collector Current ICM* 90A

D.C. Collector Current IC 50A

Power Dissipation at 250C Case Temperature PD 350W

Power Dissipation at 100*C Case Temperature PD 200W

Operating Junction Temperature Range Tj -65 to 2000C

Storage Temperature Range TA -65 to 2000 C

j Thermal Resistance OiC 0 C)W
Package TO-63

ELECTRICAL CHARACTERISTICS (at 25"C unless noted) TO-63

LIMITS U
TEST SYMBOL PT-7511 N TESTTEST SYMBOL MIN. MA. I CONDITIONS

D.C. Current Gain* hFE 10 40 IC=50A, VCE= 2 V

D.C. Current Gain* hFE 5 - IC=90A, VCE =4 V

-. Collector Saturation Voltage* VCE(sat) - 0.6 V IC50A, Is=5A

Collector Saturation Voltage* VCE(sat) - 1.5 V IC=9OA. IB-18A

Base Emitter Voltage' VBE - 1.5 V IC= 50 A , VCE= 2 V

Base Emitter Voltage" VBE - 2.5 V IC=90A, VCE 4 V

Collector-Emitter Breakdown Voltage* VCEO(sus) 200 - V IC 2 0 0 mA, 8B=

Collector Cut-off Current ICBO - 2.0 mA VCB=200V, EB=0

Collector Cut-off Current @ I50C ICBO  - 10 mA VCB=100V, IEB 0

Emitter Cut-off Current IEBO - 1.0 mA VEB=V, ICB 0

Gain Bandwith Product Typ. ft 1.0 - MHz Ic=SA, VCE10V
"" f=100KHz

Collector Capacitance Cobo - 1800 pf VCB=10V, f=lMHz

. - Switching Speed Typ. tr - 2.5 aIs.

(PowerTech Test Circuit) ts - 3 C

tf - 2.5 PS. 1B10A, -IB2=SA

.PW_oo00., D.C.<2%-



vSTOMER-e6 J=12/7-- , P. 0. ____ PRINT_

GROUP ______ __SUBGROUP

TEST CONDITIONSY127., As,, LIMITS OR END POINTS:

UNIT

Cn-I ) C: loc Z-
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MT-1223

250 AMPERE POWERBLOCK POWER SYSTEM

MAXIMUM RATINGS SYMBOL MT- 1223

Collector-Base Voltage VCB O  200V

Collector-Emitter Voltage VCE 200V

Emitter-Base Voltage VEBO 10V

Peak Collector Current ICM 250A
D. C. Collector Current ic 250A

Power Dissipation at 250C Case Temperature PD 975W

Power Dissipation at 1000C Case Temperature PD 600W
Operating Junction Temperature Range Tj -65 to 200*C
Storage Temperature Range TA -65 to 150'C
Package: PPS-500

- Thermal Resistance 0JC 0.1 70C/W

ELECTRICAL SPECIFICATIONS (at 25°C unless otherwise noted)

TEST
TEST SYMBOL MIN. MAX. UNITS CONDITIONS

D. C. Current Gain* hFE Ic= VCE=

D.C. Current Gain' hFE 100 1C=250A,VCE=SV
Collector Saturation Voltage* VCE(sat) 2.5 V IC=250A,IB= 5A

Collector Saturation Voltage* VCE(sat) V Ic= IB=

Base Ernitter Voltage* VBE V C= VCE'-

Base Emitter Voltage' VBE 3.0 V IC=250A,VCE=4V

Collector.Emitter Breakdown Voltage* t VCE(sus) 200 V IC=50mA

Collector Cutoff C.rrent*" ICES 10 mA VCB = 200V ,R9E=0

S Emitter Cutoff Current... IEBO 15 mA VEB = 8V, IC-0

300/ sec, OC <2%
.e ase =1 connected to Base -2

Base -2 open c-rcuit INTERNAL
100 ohs. *1 OhmsCOLLECTOR I

" R8 1 8 1 Oohms. R82 E 1 Oohms CONNECTION:
-. DARLINGTON

-ASEVr -- .

- -,ASE

T; A-3



APPENDIX B

FROM 1 K 6TO

12 2K +DRIVER
BOARD

+ 5V +5

19 8
10 7

TO 11 2K 6

(+5,) 12 3,91K 5113 4 GND
1 4 1 N4148 3

.98 1 5 51K 2

I 9 166

10 51

GND 11 LM324 4 (+5)

123

13 4

14 A --

11 (21 OO~p F

12 J



10 FU & LWA*X M I I

-C. I , Loor 13

4 s 3

PWA Ad

I I

I k17
, I 1 3 AL

2W~ IV44942 bT (

I TI

uff 21,36"

________ __ I2 __ __7



45

PWA Ad ~ A ~l

w~sla Sc F4 K

2-71Ly OuT?%T

WO OUT ->".Ai

9W M

+14

~V ur4279

I 47, '
*I C..,A-R

PlZ 01,494z

TZ. 14 w sxfku



2-2
r RZ 414

3N3 T X k

2Z~t.' (it

UM~~~ 

2.2T~ 

*~ CS

L~3L

W~ ________________________________________

eu 9

2 * AL ~A~Z ~.? u~~6 t2j o'

4I V $-T-.19T~

7. u~tLJ4 AtI.. cafc3 lm



ri! +sVi LOCAL.

W 4 4 1 2 2 4 P - \ * O J r

C' 2N2(Q5 S 7

M711 

447

C3

(N49qZ., 5SJLCL b

i eu 117 12

I- y&UZ C6,P.

jS R241 C8 C
ces S er)

W4

ACrTVA6 CA*CUt? 4#j USE IS. SVOW. ON AP~PG'W(a S14GET A-3.

q V LA4

470-9 CI

T ImPj A- --




